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The Banting Memorial Lecture 1957 


Certain Aspects of the Metabolism of Glycogen 


DeWitt Stetten, Jr.,M.D., Ph.D.,* Bethesda 


Since the days of Pfliiger and Bernard, biologists, 
chemists and, on occasion, physicians have devoted atten- 
tion to glycogen. Whereas the ease with which this 
compound can be isolated and detected analytically has 
doubtlessly contributed to its popularity as a subject of 
study, it is a substance not devoid of interest. As the 
major storage form of carbohydrate in animal tissues, 
glycogen has an unquestioned role in animal energy 
economy. Of particular concern is the magnitude of its 
quantitative alteration in response to such imposed vari- 
ables as muscular exercise or hypoxia and to such hor- 
monal agents as insulin, epinephrine, glucagon and thy- 
roid hormone. Spontaneous changes are also observed in 
such diseases as diabetes and the glycogenoses. 

What kind of a material is glycogen? What are its 
properties? What is its biologic function, and how are 
these properties and functions related? Glycogen is a 
member of a numerous class of compounds, termed 
homopolysaccharides. By this term large molecules are 
simply described, which yield, upon total hydrolysis, 
a single species of simple sugar or monosaccharide. In 
many, but by no means all such polysaccharides, the 
simple sugar is D-glucose. The best known homopoly- 
saccharide of glucose, and indeed the most abundant 
organic compound in the world, is cellulose. Cellulose, 
the characteristic polysaccharide of wood, paper and 
cotton, differs structurally from the glycogen type of 
polysaccharide in many important regards, one of which 
relates to the spatial configuration of substituents about 
carbon atom 1, the anomeric carbon atom of glucose. 
It will be recalled that glucose may exist in two modifica- 
tions in this regard, the «- and $-forms (figure 1). 
Whereas in cellulose, this arrangement is exclusively 8, 
in glycogen the structure is invariably «. 

Only two of the several possible ways in which ad- 
jacent %-D-glucose residues may be linked one to another, 
occur in glycogen. In one of these (figure 2) the glu- 
cosidic bridge extends from carbon 4 of one glucose to 
carbon 1 of its neighbors. In the other, it is carbon 6 
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of one glucose that is linked to carbon 1 of its neighbor 
(figure 3). Only these two linkages, referred to as 2-1,4 
and 2-1,6, have been detected in glycogen. This finding 
places glycogen in a small class of homopolysaccharides 
of «-D-glucose which includes also amylose and amylo- 
pectin of starch, as well as certain preparations of dextran 
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FIG. 2. Maltose, «-1,4 bond. 
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FIG. 3. lso-Maltose, «-1,6 bond. 
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from Leuconostoc and other sources (table 1). It will be 
seen that the members of this class may be differentiated 
on the basis of the relative abundances of the two types 
of linkage, the differences being of a quantitative nature. 


TABLE 1 


Some homopolysaccharides of «-d-glucose 





Approx. 


Linkage 
present ratio 
«-1,4 a-1,6 1,4/1,6 
Amylose sa 
Amylopectin + + 24 to 30 
Glycogen 4 + 12 to 18 
Dextran — + 


Analytical studies of various sorts have revealed that, 
whereas amylose and dextran are essentially unbranched 
structures, long chains of glucose residues linked one to 
another in either «-1,4, or 2-1,6 linkage, amylopectin 
and glycogen have an elaborate branching pattern. Certain 
glucose residues exist in these molecules which bear sub- 
stituents on carbon atoms 1, 4 and 6, and wherever such 
a trisubstituted sugar exists, there necessarily is a point 
of branching (figure 4). Such branch points, absent in 
amylose or dextran, occur in amylopectin and even more 
abundantly in glycogen. Whereas 2-1,6 linkages seem to 
be relatively more frequent in animal glycogens than in 
vegetable amylopectin, this association is not sharp. A 
glycogen-like polysaccharide has been found in some 
strains of corn! and compounds resembling amylopectin 
have been described in the tissues of certain patients 
with glycogenosis.” 
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FIG. 4. A branch point. 


Given only this much information, several branching 
patterns are possible. The selection from among these 
several possibilities rests largely upon enzymatic degrada- 
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tion studies of Kurt Meyer and his collaborators in the 
case of amylopectin and the Coris in the case of glycogen. 
The tree-like or arboreal structure which has finally been 
established for both these polysaccharides is for the case 
of glycogen indicated in figure 5. This figure, from the 
work of Cori, may be taken as representative of a frag- 
ment of a glycogen molecule, and should not be con- 
strued, as we shall see later, as a rigid picture of the 
structure of glycogen. It does, however, suffice to 


illustrate several interesting points. Firstly, since 
each glucosidic bond, whether 1,4 or 1,6, entails 
one anomeric carbon atom, and since, in the ab- 


sence of a cyclic structure, there must be one fewer such 
bond than the total count of glucose residues, each mole- 
cule of polysaccharide, regardless of branching pattern 
or molecule size, must have one and only one anomeric 
carbon atom unsubstituted, which is the so-called “‘reduc- 
ing end” of the molecule (R). All the remaining termini 
of the molecule will be nonreducing in nature, and their 
number can be shown to be one greater than the number 
of branch points. This is about as far as one can gen- 
eralize in relation to glycogen structure. In other regards, 
such as the lengths of the terminal branches and the 
number of glucose residues between branch points, 
whereas mean values are readily determined, the devia- 
tions about such means are not known. There is no rea- 
son to believe that there is any high degree of uniformity 
in these quantities from molecule to molecule, and indeed 
there is good reason to suppose, that even within the 
same glycogen molecule, great variations may occur. In 





FIG. 5. Structure of a Glycogen Fragment (from J. Larner, B. 
Illingworth, G. T. Cori, and C. F. Cori. J. Biol. Chem. 
199:641, 1952). 

R. reducing end of molecule. 

© glucose units removed by first, second and 

third digestions with phosphorylase, respectively. 
glucose unit split off as glucose from a-1,6 

linkage by amylo-1,6-glucosidase. 
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regard to that favorite parameter of macromolecules, the 
molecular weight, glycogen and the starches, in contrast 
to many known proteins, are highly polydisperse. The 
possible biological significance of this polydispersity of 
glycogen will be mentioned subsequently. 

With the growth of knowledge of glycogen structure 
there has developed simultaneously an increasing under- 
standing of the reactions whereby glycogen is synthesized 
and degraded in the animal body. Three enzyme-catalyzed 
reactions have been shown to be involved again largely 
by the Coris and their collaborators. In the first of these 
(figure 6), glucose-1-phosphate reacts with one of the 
nonreducing termini of a pre-existing polysaccharide 
molecule, adding on one glucose residue with the simul- 
taneous elimination of inorganic orthophosphate. The 
enzyme is phosphorylase, and the reaction is readily 
reversible, its equilibrium at a given PH determined by 
the ratio of concentrations of glucose-1-phosphate and 
inorganic phosphate. The bond formed or severed by this 
reaction is invariably of the 2-1, 4 variety, and con- 
sequently this enzyme of itself can cope only with 
unbranched chains. 
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FIG. 6. The action of phosphorylase. 


When, in the course of glycogen breakdown, a branch 
point is approached, glucose residues linked by 2-1,6 
bonds are exposed. These present an absolute obstruction 
to further lysis by phosphorylase, but they may be split 
hydrolytically and irreversibly (figure 7) by a specific 
amylo- (1,6) -glucosidase, the debranching enzyme, giving 
rise to free glucose. 

Conversely, when in the course of glycogen synthesis 
a new branch point, a new «-1,6 bond, is to be established 
(figure 8), a special enzyme is required. The reaction is 
effected by transglucosidation, a transfer of a 1,4-linked 
glucosyl residue to another portion of the chain now in 
1,6 linkage. The energy for the formation of this new 
4-1,6 bond appears to be derived at the expense of the 
previously severed «-1,4 bond. 
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FIG. 7. The action of amylo-!,6-glucosidase. 
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* AMYLO-(I,4—1,6)- TRANSGLUCOSIDASE 


FIG. 8. The action of amylo-(1,4 —-—> 1,6)-transglucosidase. 





With these three enzymes available, the enzyme 
chemist has at his command the means of generating or 
degrading glycogen-like polysaccharide molecules in the 
test tube. It should be noted, however, that this picture 
appears to be incomplete. Whereas it permits the increase 
or decrease in size of polysaccharide molecules, it does 
not of itself account for the replication of glycogen 
molecules. The increase in number of glycogen mole- 
cules is not accounted for by the known reactions of 
these enzymes and has been supposed to stem from 
a-amylase activity, which splits hydrolytically «-1,4 bonds 
situated centrally in the glycogen molecule. 

The questions to which Dr. Marjorie R. Stetten and 
I have been devoting our attention are: Can the processes 
of glycogen synthesis and degradation, as these occur in 
the tissues of intact animals, be satisfactorily explained 
in terms of the enzyme chemist? How are the processes 
of glycogen turnover in the liver or muscle of normal 
intact animals best described? Are there any important 
differences in these processes in liver and muscle which 
will correlate with the pharmacological and physiological 
differences known to exist? 

A number of years ago Dr. George Boxer and I* had 
studied the question of glycogen regeneration. We were 


393 











CERTAIN ASPECTS OF THE METABOLISM OF GLYCOGEN 


able to show that glycogen of liver and muscle in the 
intact normal rat did indeed turn over even while the 
quantity of glycogen in these tissues remained sensibly 
constant. From the finding of incorporation of stably 
bound deuterium into glycogen of these tissues, when 
the body fluids were enriched with deuterium oxide, we 
estimated that after about one day in the liver, after four 
days in muscle, one half of the glycogen had been re- 
placed by newly synthesized polysaccharide. It was to 
gain further insight into this process of glycogen regen- 
eration, in the light of newer structural and enzymo- 
logical information, that the present studies were: under- 
taken. 

The first series of experiments* was designed to ascer- 
tain whether different parts of the glycogen molecule 
were regenerated at different rates. Glucose labeled with 
carbon-14 was administered to animals and, after various 
periods of time, glycogen was isolated from the tissues 
and was carefully purified. From its radioactivity one 
could estimate the extent to which injected glucose had 
displaced pre-existing glucosyl residues of glycogen. Each 
sample of glycogen was then bisected, and for this opera- 
tion the enzyme $-amylase was employed. 

Barley malt $-amylase is one of the earliest enzymes 
to have been put to useful purpose by man, since it is 
the substance which generates, from starch, the readily 
fermentable sugar maltose. Its mode of attack, like that 
of phosphorylase, commences at the nonreducing ends, 
liberating hydrolytically disaccharide fragments, maltose 
molecules, from the unbranched ends (figure 9). An 





R 


FIG. 9. The attack of B-amylase upon glycogen. 
R, reducing end of molecule. 
®, glucose residues split off as maltose. 
O, glucose residues in B-amylase limit dextrin. 
Heavy bonds represent «-1,6 linkages. 
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a-1,6 link or a branch point offers, as in the case of 
phosphorylase, an insuperable obstacle to this enzyme, 
and whenever one of these is reached, its action ceases. 
From a molecule of glycogen, therefore, two products 
are secured; maltose from the peripheral unbranched 
ends, and a so-called limit dextrin, no longer susceptible 
of attack by $-amylase, corresponding to the central core 
of the original molecule of glycogen. The reason for 
naming this product a limit dextrin is shown in figure 
10. Here it will be seen that after about 50 per cent of 
the glycogen molecule is broken down to maltose, no 
further reaction occurs, and the resultant dextrin is truly 
the limit of hydrolysis. 


Degradation of rat liver glycogen 
60; by £- amylase 





Maltose- percent 
wl 
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ES 5 OE 
Poe. 4 SO. 248 
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FIG. 10. Time course of 8-amylase attack upon glycogen. 


When biosynthetic samples of radioactive glycogen 
were treated in this fashion and the radioactivity in the 
maltose and limit dextrin fractions were compared, it 
was found (figure 11) that the isotope was not uniformly 
distributed. All samples of glycogen, secured less than 
twelve hours after injection of radioactive glucose, yield- 
ed a higher specific activity in the maltose fragment or 
peripheral portion than in the centrally situated limit 
dextrin portion. At about twelve hours, the glycogen of 
liver appeared to be uniformly labeled, as far as this 
experiment reveals, while in experiments of longer dura- 
tion it was the limit dextrin which proved more radio- 
active than the maltose. The glycogen of muscle differed 
in behavior from that of liver in that, even after a lapse 
of forty-eight hours, the periphery of the molecule was 
more extensively labeled than was the limit dextrin 
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FIG. I1. Distribution of isotope in periphery (maltose) and cen- 
tral core (limit dextrin) of biosynthetic glycogen. 


Here then was the first indication that glycogen turn- 
over was fundamentally different from the process of 
turnover attributed to most other body constituents. 
It had generally been assumed that biologic turnover 
involved the destruction or elimination of one molecule 
of a tissue ingredient with the simultaneous synthesis or 
entry of another molecule. In such a process, uniformity 
of labeling within the newly synthesized molecules would 
be anticipated. The present findings were not in accord 
with such a view. Rather they suggested that new glucose 
residues were continuously entering at the periphery of 
pre-existing glycogen molecules. Such a process was 
compatible with the known function of phosphorylase, 
and since the action of this enzyme is reversible, it must 
be concluded that glucose residues at the periphery of 
glycogen molecules were also continuously being elim- 
inated as glucose-1-phosphate. By a slower process, 
residues initially situated at the periphery of the glycogen 
molecule were finding their way into the central core, as 
represented by $-amylase limit dextrin. Such a process, 
attributable to the action of branching enzyme, was more 
rapid in liver than in muscle, a finding in agreement 
with the assay of these two tissues for the enzyme in 
question.5 

Further to explore this process, it was desirable not 
merely to bisect the glycogen molecule with $-amylase, 
but to dissect it into more component parts. This was 
made feasible by the availability of pure phosphorylase 
and of debranching enzyme. Attack upon glycogen of 
phosphorylase in the presence of phosphate leads to lysis, 
until branch points are exposed, until a limit dextrin is 
secured (figure 6). If this product is treated with de- 
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branching enzyme, the exposed branch points are re- 
moved, and a dextrin again susceptible of attack by 
phosphorylase is secured. By the alternate application of 
these two enzymes to glycogen, the molecule may be 
peeled, removing layer after layer of glucosyl chains. 
The process is represented diagramatically in figure 12, 
where are shown the tiers removed by three such succes- 
sive attacks and the resultant limit dextrin. 


<—LD-3—+P-3% P-2- P-|> 


FIG. 12. Diagram of stepwise enzymic degradation of glycogen. 
P-1, P-2, P-3, the portions of molecule digested by 
first, second and third enzyme treatments. 

LD-3, the residual limit dextrin after three such treat- 
ments, 


If such an analysis is applied to a sample of glycogen 
labeled in vivo with C14, one may reconstruct, from the 
isotope analyses of fragments secured, the pattern of 
distribution of isotope in the original glycogen mole- 
cules.® Such a reconstruction is shown in figure 13. Here, 
from a sample of rabbit muscle glycogen secured five 
hours after injection of glucose-C!4, are plotted the 
specific activities in the several tiers against the fraction 
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PERCENT GLUCOSE RESIDUES . 


FIG. 13. Reconstruction of isotope distribution in a sample of 
rabbit muscle glycogen secured five hours after in- 
travenous glucose-C!* injection. 
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of glucose of the total molecule contained in each tier. 
It will be seen, in this case, that as the molecule of 
glycogen is entered from the nonreducing ends, the 
extent of labeling becomes progressively less, that the 
central core of the molecule is far less extensively labeled 
than the outside tiers. Similar studies have been con- 
ducted in which the time between injection and sacrifice 
of the animal has been varied. In figure 14 are seen 
reconstructions of such studies, using rat muscle glycogen. 
As in the previous figure, the initial distribution pattern 
reveals far more radioactivity in the periphery than in 
the center of the molecule. Even after forty-eight hours 
this is true, although an increase in the relative specific 
activity of the central core of the molecule with the 
passage of time appears to have occurred. When glycogen 
of liver is studied by the same analysis (figure 15), a 
striking difference is encountered. Whereas the initial 
pattern of labeling again reveals a higher relative specific 
activity peripherally than centrally, after forty-eight hours 
the pattern is clearly reversed. Here we see that in rat 
liver glycogen, forty-eight hours after the injection of 
glucose-C!4, the radioactivity is concentrated in the third 
limit dextrin and is lowest in the outermost tier. 

From these findings and others a picture of the mech- 
anism of glycogen turnover begins to emerge. The major 
conclusion is that, metabolically, glycogen is inhomo- 
geneous. By this is meant that the several glucosyl 
residues within the glycogen molecule have widely differ- 
ing probabilities of being regenerated. Those situated at 
the periphery of the molecule have the greatest metabolic 
activity, are regenerated at the highest rate. Those closer 
to the reducing end have a far lower rate of replacement. 
The more centrally situated glucose residues are regen- 
erated, however, and probably the mechanism of this 
activity relates to the operation of branching enzyme. 
This activity is more prominent in liver than in muscle. 
It is certain that a simple replacement of new glycogen 
molecules for old cannot be invoked to explain these 
findings, and indeed in this sense glycogen as such does 
not turn over. It is renewed at an intramolecular level, 
piece by piece, but to the rate constant of turnover, to 
the half life of glycogen, only limited meaning can be 
assigned for this macromolecular species. Our estimates 
of such quantities, made thirteen years ago, must be 
evaluated accordingly. 

Having established the metabolic inhomogeneity of 
glycogen at an inframolecular level, Mrs. Stetten and I 
next turned our attention to the infermolecular level. 
Our reason for doing this was basically that, in contrast 
to the more familiar monodisperse proteins, glycogen is 
wildly polydisperse. By this is meant that in a given 
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FIG. 14. Rat muscle glycogen studied by the combined isotope- 
phosphorylase method. 



























































> 1507 6HR 12 HR 
t 

> 

“ed 1\OOF 

5 = 

ha | LD-3 

p-1 |P-2 |P-3{] | P-! | P-2 |P3|LD-3 
5 Ot 

a 'SO0r 24 HR 48HR. ei 

a. 24 HR. 

w !1OOF 
> | 
= | 
<= 50+ 

2 p-| |P-2/P-3)LD-3| | P-1 | P-2 |P-3|LD-3 





























0 iM i 1 | J | 1 4 
O 25 50> "79 100 25: “50 foe I00 
PERCENT GLUCOSE RESIDUES—*R 


FIG. 15. Rat liver glycogen, studied by the combined isotope- 
phosphorylase method. 








population of glycogen molecules, great variations in 
molecular weight are encountered. The chemist’s usual 
definition of ideal purity implies, among other things, 
that all the molecules in a given population are of 
identical molecular weight, and, according to current 
ideas, a pure protein is an attainable goal. Pure glycogen, 
on the other hand, if defined by this criterion, is not 
attainable. It is highly improbable, in a bottle of gly- 
cogen, that any two adjacent molecules have identical 
molecular weight. It was from considerations of this kind 
that Meyer concluded that glycogen was indeed not a 
compound but rather a biological concept. 

This polydispersity, though troublesome in some re- 
gards, was of great use to us, since it provided the 
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possibility of separating glycogen of a given population 
into a series of fractions of differing average molecular 
sizes.8 This we found could readily be achieved either by 
differential centrifugation from aqueous solution or by 
fractional precipitation from water by addition of ethanol. 

Certain technical problems arose at the outset of this 
study. The first of these was the selection of a method 
for the determination of molecular weight. The method 
found to be most suitable to our requirements was that 
of light scattering or turbidimetry. The second problem 
related to the choice of methods for the isolation and 
purification of glycogen. Here we soon found that the 
traditional alkaline (KOH) digestion of tissue, prelim- 
inary to the isolation of glycogen, was unacceptable in 
this type of study. Glycogen, isolated by this method, 
invariably had a far lower molecular weight than when 
it was extracted from tissues with ice-cold trichloroacetic 
acid (TCA) solution (table 2). When glycogen isolated 
by the latter, mild, procedure was subsequently exposed 
to alkali, the molecular weight rapidly declined (figure 
16), although this decline was less rapid when gaseous 
oxygen was excluded.® Even in trichloroacetic acid solu- 
tion, a moderately rapid fall in molecular weight occurred 
(figure 17), but by operating at ice temperature and by 
keeping the contact between glycogen and acid as brief 
as possible such degradation was kept to a minimum. 
It was found that centrifugation, even at conventional 
speeds, entailed loss of some glycogen and decline in 
average molecular weight of that remaining in solution, 
doubtless related to the very high molecular weight of 
the largest glycogen molecules. Clarification of glycogen 
solutions by centrifugation had therefore to be avoided. 
It should be pointed out that no claim is made that the 
materials which we studied were strictly “native” gly- 
cogen. All that is claimed is that they were as close to 
“native” glycogen as we could secure. 

An obvious and appealing hypothesis that each gly- 
cogen molecule served as an elastic warehouse of glucose 
residues was considered and explored. According to this 
idea, the number of glycogen molecules could be con- 
sidered to remain constant. Mobilization of glycogen 
would result in a decrease in molecular weight, glycogen 


TABLE 2 


Comparison of molecular weights of glycogens secured by 
different methods 








Source of Molecular weight 
glycogen TCA method K 
Rabbit liver 45.2 x 106 2.7 x 106 
Rabbit muscle 11.9 x 106 8.1 x 106 
Rat muscle 43.8 x 106 6.1 x 106 
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FIG. 16. The effect of alkali upon the molecular weight of 
glycogen. 
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FIG. 17. The effect of trichloroacetic acid upon the molecular 
weight of glycogen. 


accrual in an increase in molecular weight. In the light 
of this hypothesis, the polydispersity of glycogen would 
make very good sense. This hypothesis had to be rejected, 
however, when no positive correlation between the quan- 
tity of hepatic glycogen persisting in fasted animals and 
the molecular weight thereof could be detected.§ 

It soon became apparent that within the heterogeneous 
population of molecules of glycogen in liver and in 
muscle, molecules of different sizes showed various meta- 
bolic activities. Glycogen was isolated, as in the earlier 
experiments, from liver and from mwscle of rats and 
rabbits who had received glucose-C1* in the preceding 
few hours. Each sample of glycogen was fractionated so 
as to segregate molecules according to molecular sizes, 
and the distribution of specific activities in these frac- 
tions was studied. Many such experiments have been 
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performed, but a few examples will suffice to indicate 
the nature of the results. In glycogen from muscle (table 
3) we have always found the highest radioactivity to be 
associated with the fraction containing the molecules of 
highest molecular weight, the specific activity showing a 
positive correlation with molecular weight. Apparently 
in muscle it is the largest molecules which are meta- 
bolically most reactive. In glycogen from liver (table 4) 
the converse has invariably been found. Here it is among 
the smallest molecules that the highest radioactivity 
occurs, and the correlation of molecular weight and 
specific activity is negative. In other words, the greatest 
metabolic activity among liver glycogen molecules appears 
to be among the small members of the population. Since 
the average molecular weight of liver glycogen is, in our 
hands, generally higher than that of muscle glycogen, 
it is suggested that there is some particular size of gly- 
cogen molecule, among the larger in muscle, among the 
smaller in liver, which is of maximal metabolic activity, 
but for this suggestion direct proof is lacking. 


TABLE 3 


Distribution of radioactivity in rat muscle glycogen three 
hours after I.P. glucose-C14 








¥ Quant. Mol. wt. Sp. act. 

Sample mg. xl0“ cpm/mAC 
Glycogen 99.3 20.5 227 
Fraction 1 12.0 52.2 310 
2 43.6 15:5 207 
3 9.8 12.9 203 
4 21.0 6.2 140 

TABLE 4 


Distribution of radioactivity in rabbit liver of glycogen five 
hours after I.P. glucose-C!4 








Quant. Mol. wt. Sp. act. 
Sample mg. xl0-* cpm/mAC 
Glycogen 102 45.2 2,040 
Fraction 1 22.3 93.1 1,868 
2 10.9 41.4 1,920 
3 30.6 44.7 2,046 
4 23.6 16.1 2,140 


We have sought an enzymologic explanation of these 
differences, discovered in the intact animal. The in vitro 
behavior of glycogen molecules of varying sizes has been 
studied in the presence of glucose-1-phosphate plus phos- 
phorylase.® We have compared the rates of inorganic 
phosphate liberation under these circumstances, using 
previously fractionated samples of glycogen. Whereas 
these have been interesting experiments to perform, they 
have failed thus far to yield a satisfactory explanation 
for the in vivo observations. It will be seen (figure 18) 
that, when populations of large and small molecules of 
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FIG. 18. Relation of the velocity of the phosphorlyase reaction 
to molecular weight of glycogen. 


glycogen are so compared, the velocity of the muscle 
phosphorylase reaction is greater when small glycogen 
molecules rather than large molecules are fed into the 
system. This has been a consistent finding, and is true 
regardless of whether the glycogen in question is derived 
from liver or from muscle. From data of this sort 
apparent Michaelis-Menten constants have been com- 
puted, which purportedly measure the affinity of enzyme 
and substrate. Insofar as these measurements reveal any- 
thing, they show that the fraction of glycogen, whether 
from liver or muscle, containing the smaller molecules, 
has a higher affinity for phosphorylase than has the frac- 
tion containing the larger molecules. Incidentally, these 
differences cannot be explained as resulting from differ- 
ences in branching pattern of large and small molecules, 
it having been demonstrated that the number of non- 
reducing end-groups per gram of glycogen and the length 
of the terminal chains are sensibly independent of mole- 
cular weight. 

When the reactivity of glycogen molecules of various 
sizes toward phosphorylase was studied in vitro, using 
unfractionated glycogen and glucose-C'*-1-phosphate, re- 
sults very similar to those secured in vivo were obtained. 
When muscle phosphorylase reacted with muscle gly- 
cogen, it was the largest of the glycogen molecules that 
were most reactive. When liver glycogen was treated 
with liver phosphorylase, the smallest glycogen mole- 
cules reacted most rapidly. Either type of phosphorylase 
reacted most rapidly with the largest molecules when 
glycogen, isolated with alkali, hence partially degraded, 
was used as substrate. 

These results are summarized and interpreted in figure 
19. Here are represented the spectra of molecular sizes 
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of the different types of glycogen studied. It will be 
noted that liver glycogen is of larger mean molecular 
size and greater polydispersity than muscle glycogen. 
Glycogen isolated by digestion with potassium hydroxide 
is of lower molecular weight than that isolated by the 
milder acid extraction procedure. Each type of phos- 
phorylase is pictured as having an optimal size of gly- 
cogen with which it reacts most rapidly. Thus muscle 
phosphorylase will be seen to prefer the smaller of the 
liver glycogen molecules, the larger of the muscle gly- 
cogen molecules. Our studies suggest that the optimal 
glycogen size for liver phosphorylase is smaller than the 
optimum for the muscle enzyme. The greatest reactivity 
of both enzymes is for the largest of the alkali-degraded 
glycogen molecules. 


Liver Glycogen (TCA) 


= “™ 


KOH Glycogen 





Muscle Glycogen (TCA) 


LA 


optimum muscle liver 
for phosphorylase phosphorylase 
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FIG. 19. Diagram representing spectra of molecular weights of 
different glycogen preparations and the optima for 
reaction with liver and muscle phosphorylase. 


Returning to the interpretation of our studies in the 
intact animal it is clear that at the intermolecular level, 
as well as at the intramolecular level, glycogen is meta- 
bolically inhomogeneous. The probability of replacement 
of a glucose residue in glycogen is not random. It clearly 
depends upon the tissue in which the glycogen is situated, 
but in addition it also depends upon the location, tier- 
wise, of the glucose residue within the glycogen mole- 
cule and also upon the size of the glycogen molecule 
within which this residue resides. We may picture gly- 
cogen molecules in a continuous state of metabolic 
activity, gaining and losing glucose residues at their 
nonreducing ends, branching and debranching from time 
to time, and possibly undergoing occasional amylolytic 
cleavage into two or more major fragments. In this 
picture there can be no such thing as a “finished” 
glycogen molecule, in the sense that there is a “finished”’ 
protein molecule. 

Much contemporary thought has been devoted to con- 
sideration of the mechanisms of protein synthesis to 
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account for the constancy of structure and size of a given 
protein, such as insulin or hemoglobin. There is much 
support for a “template” theory which postulates a mold, 
possibly made of ribonucleic acid, against which con- 
stituent amino acids are fitted, subsequently to be linked | 
together. The finished protein can then be taken off the 
template, and a second identical protein molecule can 
now be assembled. 

The control of glycogen synthesis is apparently entirely 
different. Here there is no evidence for a template, nor 
does there appear to be a need for one. As a consequence 
of this lack, great structural variation from molecule to 
molecule is tolerated. For each individual glycogen mole- 
cule, synthesis and degradation is an almost never-ending 
process. Some molecules are growing while others are 
shrinking. Thus the glycogen molecule in vivo is never 
“finished” and it is not surprising that interruption of 
all this activity by the experimenter yields a polydisperse 
product. 

In conclusion, it may be well to consider the require- 
ments which must be met if a compound is to perform 
ideally as a storehouse of energy. It must be capable of 
ready and rapid synthesis and deposition from available 
nutrients. It must be able to generate in large yield 
metabolites which many tissues can utilize. These pro- 
cesses of deposition and mobilization must be under some 
sort of regulation, whether neural or humoral, to permit 
the rates of these processes to adjust to changing needs. 
The molecules which are stored should be either of great 
size or of limited solubility, lest excessive storage lethally 
alter the colligative properties of the body fluids, notably 
the osmotic pressure. 

In all these regards glycogen is very well adapted to 
its function. It is perhaps not quite as well adapted as 
body fat in one regard; namely, the caloric content of a 
gram of stored glycogen is less than that of a gram of 
stored fat. This difference only becomes significant in 
motile forms of life, where motility is of survival benefit 
to the organism, and it is noteworthy that the habit of 
fat storage predominates in animals which are motile, 
whereas polysaccharide storage is the predominant habit 
of many plants which are sessile.'° 

We believe that the findings which we have recorded 
contribute to the understanding of glycogen function. 
The smooth and continuous mobilization and deposition 
is not merely a function of the population of glycogen 
molecules, but is shared by the individual molecules 
themselves in their processes of lysis or growth. The 
developing pattern of the process of glycogen regenera- 
tion thus appears to fit in well with the requirements of 
its storage function. 


399 





SUMMARIO IN INTERLINGUA 





Certe Aspectos del Metabolismo de Glycogeno 

Es notate le facto que glycogeno es le principal forma 
de immagasinage de hydrato de carbon in le histo animal. 
Su indubitabile rolo in le economia de energia animal 
justifica le interesse dedicate a illo per le investigatores, 
ben que il debe esser admittite que le facilitate de su 
detection e isolation analytic ha contribuite grandemente 
a su popularitate in le laboratorio de recercas metabolic. 

Es passate in revista le stato presente del cognoscentias 
relative al structura molecular de glycogeno. IIlo es cha- 
racterisate como un membro del gruppo de compositos 
designate como homopolysaccharidos. Iste termino indica 
que le molecula del composito in question es un molecula 
de grande dimensiones que se disintegra in le processo 
de hydrolyse total in monosaccharidos de un sol specie. 
In contrasto con le moleculas de amylosa e dextrano (que 
es essentialmente longe catenas de residuos de glucosa), 
le molecula de glycogeno consiste de residuos de glucosa 
in un complexe arrangiamento ramificate. Iste arrangia- 
mento differe ab un molecula al altere—un facto ex- 
primite in le designation de glycogeno como altemente 
polydisperse. Le characteristica de polydispersitate es 
commun a glycogeno e le amylos sed non al proteinas. 
Per medio de enzymas le chimico pote generar e degradar 
multiple glycogenoide moleculas polysaccharidic in vitro. 

Le autor e su associatos se ha occupate specificamente 
del sequente questiones in re le metabolismo de gly- 
cogeno: (1) A qual grado pote le processos de synthese 
e de degradation de glycogeno intra le histos de animales 
intacte esser explicate super le base del labores del 
chimico enzymatic? (2) Que es le melior description del 
metabolismo de glycogeno in le hepate e le musculos de 
animales intacte? (3) Existe il importante differentias 
inter le processos del metabolismo de glycogeno in le 
hepate e in le histos muscular, e pote on establir un cor- 
relation inter tal differentias e cognoscite differentias 
pharmacologic e physiologic? Le investigationes relative 
a iste questiones que ha essite complite usque al tempore 
presente es describite. 

Un prime serie de experimentos esseva interprendite 
pro determinar si differente partes del molecula de gly- 
cogeno se regenera parallelmente. Glucosa a Cl esseva 
administrate a animales experimental, e post varie 
periodos de tempore glycogeno esseva isolate ab le histos 
muscular e hepatic. Per medio de $-amylase, le specimens 
de glycogeno assi obtenite esseva bisecate in maltosa e 
dextrina. Il esseva constatate que le isotopo C'* non 
esseva distribuite uniformemente in le duo fractiones. 
In le caso de glycogeno obtenite ab hepate o musculo 
minus que 12 horas post le administration de glucosa a 
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C14, le radioactivitate esseva semper plus concentrate in 
le maltosa (i.e. le fragmento que habeva formate le strato 
exterior del molecula de glycogeno) e minus concentrate 
in le dextrina (que representa le centro del molecula de 
glycogeno). In specimens de glycogeno ab le hepate iste 
differentia continuava usque a al minus 48 horas post le 
administration del isotopo. In specimens de glycogeno 
ab histos muscular, le radioactivitate del duo fragmentos 
esseva in equilibrio post 12 horas sed monstrava sub- 
sequentemente un excesso in le dextrina. 

Iste experimentos prova que le metabolismo de gly- 
cogeno differe fundamentalmente ab le metabolismo de 
altere constituentes del corpore. Si le concepto de 
metabolismo se defini normalmente como un processo 
de destruction complete e de generation complete de 
moleculas, le nonuniformitate del radioactivitate in le 
fragmentos de glycogeno ab animales subjicite a adminis- 
trationes de glucosa a C14 es explicabile solmente per le 
these que le molecula de glycogeno se reconstitue con- 
tinuemente per acceptar nove residuos de glucosa a su 
petipheria e per subsequentemente transferer los progres- 
sivemente verso su interior. 

Experimentos additional esseva interprendite pro clari- 
ficar le detalios de iste processo. Le bisection del mole- 
culas esseva reimplaciate per un dissection multiple, etiam 
effectuate per medios de chimia enzymatic. Le conclusion 
principal de iste studios esseva que le metabolismo de 
glycogeno es nonhomogenee, i.e. que le probabilitate del 
regeneration del residuos glucosylic intra le molecula de 
glycogeno varia grandemente. Iste variation non es 
arbitrari sed depende del position del residuo al peri- 
pheria o al centro del molecula. 

A parte iste investigationes del structura intramolecular 
de glycogeno, le autor e su associatos se occupava del 
problema de differentias intermolecular le quales debe 
resultar del facto que glycogeno es polydisperse. Esseva 
constatate que le radioactivitate de moleculas de glyco- 
geno, resultante del administration de glucosa a C'* al 
animales experimental, esseva maximal in le moleculas 
del plus alte pesos molecular quando le glycogeno habeva 
essite isolate ab histos muscular, durante que ille radio- 
activitate esseva minimal in le moleculas del plus alte 
pesos molecular quando le glycogeno habeva essite isolate 
ab histos hepatic. Proque in iste experimentos le peso 
molecular medie de glycogeno hepatic se monstrava 
generalmente superior al peso molecular medie de gly- 
cogeno muscular, le autor suggere como hypothese pos- 
sibile que un specific magnitude molecular—al pede del 
scala pro glycogeno hepatic, al culmine del scala pro 
glycogeno muscular—se associa con le plus intense 
activitate metabolic. 
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In conclusion, le autor describe le molecula de gly- 
cogeno—in contrasto con moleculas proteinic—como 
semper in stato de regeneration e nunquam in stato 
“finite.” Ille signala le avantages que resulta del men- 
tionate characteristica molecular de glycogeno ab le 
puncto de vista de su efficacia como immagasinator de 
energia in le economia del organismo. 
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The Birth Rate: Recent Trends and Outlook 


The past decade has seen an average of 3.8 million 
births annually in the United States or 11/, times the 
number in 1940. In 1954, for the first time in our his- 
tory, births passed the 4 million mark—the estimate is 
4,078,ooo—and climbed further to just short of 4.1 
million last year. Moreover, the outlook is that the 
number will be even greater this year and will remain 
around 4 million in the years immediately ahead. 

The rise in the birth rate has been most pronounced 
among younger women. At ages 20-24 years, for ex- 
ample, the birth rate reached successively higher levels 
during each of the past five years. By 1955, it was one 
seventh above the immediate postwar peak recorded 
in 1947, and the highest in more than a generation. 
Even women in their 30's have made a substantial con- 
tribution to the recent upswing in births. In fact, only 
among women past the prime of reproductive life—those 
at ages 40 and over—has there been little change in 
the birth rate during the past decade or two. 

A relatively large proportion of young couples each 
year become parents. Thus, in 1954 and 1955, the 
proportion was close to one-half for families in which 
the wife was in her teens and one-third where she was 
20-24 years of age. At least one out of every five wives 
at ages 25-30 had a baby during the year. 

The fertility patterns by age are obviously related to 
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a growing popularity of moderate size families. Most 
striking is the fact that an increasing number of couples 
are now having a third or a fourth child. The annual 
rate for third births has climbed from 1.8 per 100 
married women under age 45 in 1940-41 to 3.1 per 100 
in 1954-55. The rise has been equally marked for fourth 
births, the rate increasing by 70 per cent during this 
period. 

The rate for first births has been stable in the past 
four years, remaining at a level about ro per cent below 
that of 1940-41. Since first births generally parallel the 
trend of marriages, their number is not expected to 
change materially in the near future. In the late 1960's, 
however, when marriages are likely to rise sharply 
again, first births may equal and even exceed the record 
numbers which occurred in the years immediately after 
World War II. 

The shift toward larger families has come at a time 
when men and women are marrying earlier in life. 
As a result, a large proportion of the births are to 
relatively young parents. In more than two-fifths of 
the families which had a child during 1954-1955, the 
wife was under 25 years of age, and in seven-tenths, 
she was under age 30. 

From Statistical Bulletin, Metropolitan 
Life Insurance Company, October 1956. 











Studies with Insulin-binding Antibody 


Solomon A. Berson, M.D.,* and Rosalyn S. Yalow, Ph.D., New York City 


The investigations to be described in this presentation 
were initiated originally with the intent of evaluating 
the turnover rate and disposition of insulin in normal 
and diabetic subjects. To this end, small quantities of 
I131-Jabeled crystalline beef insulin were injected intra- 
venously, and observations were made on the rate of 
disappearance from the bloodstream.! The earliest results 
were quite provocative in that most diabetic subjects 
showed a much slower disappearance of labeled insulin 
than did normal subjects. On occasion, however, normal 
curves of disappearance were observed in diabetic 
patients, and closer scrutiny brought to light the fact 
that insulin disappearance was rapid in all diabetic or 
nondiabetic subjects never treated with insulin or treated 
for only a few weeks. In contrast, the labeled insulin 
showed a prolonged retention in the circulation of 
patients under insulin therapy for months or years. 
Thus, differences in the rate of disappearance of insulin 
were found to be correlated with the past history of 
insulin treatment and not with the absence or presence 
of diabetes per se.' In confirmation, it was established 
that insulin disappeared slowly from the circulation of 
schizophrenic patients who had received extensive in- 
sulin coma therapy and rapidly in those never treated 
with insulin. 

In search for an explanation of this phenomenon, it 
seemed desirable, early in the course of these studies, to 
examine the electrophoretic behavior of the labeled 
insulin in the serum of these subjects. Only zone electro- 
phoresis was suitable for this purpose, and paper and 
starch were employed as the media of choice. The electro- 
phoretic behavior of I'*'-labeled insulin in plasma is 
interesting in several respects but not least in the contrast 
between control plasma and the plasma of insulin-treated 
subjects. Insulin, in common with many other proteins, 
possesses the capacity to adsorb on certain inert materials 
such as paper! * and glass*. * and, when applied in low 
concentration to paper strips for electrophoresis or 
chromatography, remains at the site of application 
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(“origin”). Such adsorption to paper is not inhibited 
by the presence of normal plasma, and is readily detected 
when the serum proteins are caused to migrate away 
from the origin by electrophoresis or chromatography 
(figure 1). However, a strikingly different picture is 
observed with insulin in serum or plasma from insulin- 
treated subjects. In such cases, the labeled insulin is 
found to have migrated in whole or in part with serum 
proteins just in advance of the gamma globulins (figure 
1), and little or no adsorption to the paper at the 
origin is observed.1 
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FIG. 1. 


Paper radio-electrophoretograms-of-insulin-I13! in plas- 
ma of control subject (upper) and plasma of insulin- 
treated subject (lower). Site of application along line 
designated as "origin." 


Observations on starch block electrophoresis confirm 
these differences between insulin-treated and nontreated 
subjects. Insulin is not adsorbed significantly by starch 
and, in normal serum, migrates with a mobility almost 
as great as that of serum albumin, as in free electro- 
phoresis; however, in the sera of insulin-treated patients 
the insulin is bound to the globulins, and is not free 
to migrate in the normal fashion.1 

Insulin binding by serum globulins was also demon- 
strated by ultracentrifugal fractionation. Since insulin 
is a much smaller molecule than albumin, it sediments 
less rapidly than albumin in normal serum, but it sedi- 
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ments with the globulins in the sera of insulin-treated 
subjects.? 

That the insulin-binding globulin is an acquired anti- 
body, the formation of which is provoked by treatment 
with insulin, is indicated by its presence in all cases 
where insulin therapy had been given for three months 
or longer, and by its absence in all nontreated subjects. 
Moreover, its appearance was also demonstrated in a 
newly treated subject who was under observation. Two 
and a half weeks after the initiation of insulin treat- 
ment in this diabetic subject, the injected labeled insulin 
disappeared rapidly from his bloodstream and, on elec- 
trophoresis, was found to be in the free form (figure 
2). Repeat studies were performed after four and a half 
months of continuous insulin therapy and revealed a 
slow disappearance of the tagged insulin from the 
plasma; on electrophoretic examination of the serum the 
labeled insulin was observed to be largely bound to 
serum globulin (figure 2). 

It has been indicated already that the insulin-antibody 
complex appeared to migrate just in advance of, rather 
than with, the gamma globulins (figures 1, 2). Further 
investigations were undertaken with serum fractions, 
separated with cold ethanol.5 Antibody was always re- 
covered in the fraction (I + III) containing the beta 
globulins. In experiments in which the gamma globulin 
fraction was contaminated with beta globulins, antibody 
was present in this fraction as well. However, when the 
gamma globulin fraction (I1) was separated from anti- 
serum as a relatively pure fraction, it did not contain 
the antibody. It was demonstrated that the insulin-anti- 
body complex migrates in the region between the fastest 
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gamma globulins and the slowest beta globulins, which 
is best described as the inter-gamma-beta zone.° 

Now, it might be anticipated that the binding of in- 
sulin by antibody would have modifying effects both 
on the tissue response to exogenous insulin and on the 
action of tissues on insulin. Let us first consider the 
latter effect. Degradation of insulin by liver homogen- 
ates is not interfered with by serum or plasma from 
normal subjects or from diabetic subjects never treated 
with insulin.® However, the serum of insulin-treated 
subjects has a marked retarding effect on insulin break- 
down, which is well correlated with electrophoretic and 
chromatographic evidence of insulin binding by antibody. 
Furthermore, only those serum fractions containing in- 
sulin-binding antibody exert an apparent inhibitory 
effect on liver ‘“‘insulinase’’ activity. Thus, while pure 
gamma globulin separated from antisera is without effect 
on this activity, fractions containing the inter-gamma- 
beta proteins prevent the proteolysis of insulin.6 The 
sequestration of insulin in the insulin-antibody complex, 
therefore, serves to protect the hormone from the action 
of the degrading enzyme in liver. Since the complex 
dissociates slowly into free insulin and antibody, the 
insulin is degraded eventually, even in these cases, but 
at a very much reduced rate. 

As indicated previously, the binding of insulin to 
antibody also leads to retention of insulin within the 
blood stream and extracellular fluids. This results, on 
the one hand, in protection of insulin from the insulin- 
degrading mechanisms of the body, and, on the other, in 
blockage of the effect of insulin on tissue cells. As the 
insulin-antibody complex dissociates, some of the insulin 
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FIG. 2. Left—Concentration of precipitable |1°1 in plasma as a function of time, following intra- 
venous administration of tracer doses of insulin 1151 to a diabetic subject after 2!/ weeks 
(M.N.,) and 4/2 months (M.N..) of insulin therapy. 


Right—Paper radio-electrophoretograms of plasma samples withdrawn about three minutes 


after injection. 


SEPTEMBER-OCTOBER, 1957 











STUDIES WITH INSULIN-BINDING ANTIBODY 


gains access to the cells, and some recombines with 
antibody. Therefore, it has been of more than academic 
interest alone to evaluate not only the total insulin- 
binding capacity of antisera, but also the rate at which 
insulin and antibody react with each other, and the 
rate at which the complex dissociates into the two 
uncombined molecules. By employing electrophoretic 
and chromatographic technics, these rates have been 
evaluated in vitro for antisera from insulin-resistant and 
nonresistant patients. It is of importance, first, to note 
that, while the insulin-binding capacity of most insulin- 
treated subjects usually does not exceed about ro units 
per liter plasma,! the sera of insulin-resistant subjects 
have been found to be capable of binding from 80 units 
to more than 500 units per liter plasma.*: § When insulin 
is administered in amounts which exceed the total bind- 
ing capacity of the antiserum, the excess is disposed of 
in the normal fashion. When smaller amounts of insulin 
are administered, the net effect is determined by the 
balance between those factors operating to retain insulin 
within the bloodstream, i.e., the rates of binding to 
antibody, and those factors permitting its removal, 1.e., 
the rate at which insulin dissociates from the insulin- 
antibody complex and the rate of passage of free insulin 
through the capillaries. Binding and dissociation prob- 
ably also take place in extracellular fluids. Investigation 
has shown that insulin does not combine with antibody 
at a single rate, but that one type of insulin-antibody 
complex is formed rapidly, and that another is formed 
more slowly. For each type the rate of formation, at 
any specified insulin concentration, is proportional to the 
concentration of antibody; thus, in the presence of high 
antibody titers, as in insulin-resistant patients, the bind- 
ing of insulin and antibody is so rapid that virtually 
none of the insulin escapes into the tissues without 
having first become bound to antibody. In these cases 
the reaction may be so rapid that it can be studied 
satisfactorily in vitro only when slowed down consider- 
ably. This is easily effected by dilution of the antiserum 
which decreases the concentration of antibody. Studies in 
vitro have shown not only that the two types of anti- 
body complex are formed at different rates, but also 
that they dissociate at different rates, one usually being 
quite rapid, of the order of 20 per cent to 30 per cent 
per minute, the other, about 20 per cent to 40 per cent 
per hour. On mixing of antiserum with insulin, the com- 
plex that forms more rapidly also dissociates rapidly. 
Eventually, after some minutes or hours, depending upon 
the magnitude of the parameters involved, most of the 
bound insulin is found in the slowly dissociating com- 
plex (figure 3). The relative proportion of rapidly and 
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FIG. 3. Per cent of insulin-I151 bound to antibody as a function 
of time following incubation at 37°C. of insulin 1131 with 
a 1:16 dilution of antiserum (x—x}) and curves of 
dissociation (o—o) of insulin-antibody complexes, 
formed after variable periods of association. In the 
dissociation experiments large amounts of nonradio- 
active insulin were added to aliquots removed from 
the incubation mixture in order to inhibit, competitively, 
the reassociation of radioactive insulin with antibody. It 
is evident that the rapidly associating complex also 
dissociates rapidly. 


slowly dissociating complexes that exists at equilibrium 
is unchanged by dilution of the antiserum.® This obser- 
vation and others make it appear likely, on the basis of 
theoretical considerations of the kinetics of the insulin- 
antibody reaction, that the different complexes are 
formed from characteristically different antibody binding 
sites rather than that they represent different stoicheio- 
metric proportions of insulin and antibody. Since cross 
reactions between beef and pork insulin are observed. ® 
it is possible, but not proven, that the different antibody 
binding sites are beef insulin antibody and pork insulin 
antibody respectively. 

The clinical significance of these findings is chiefly 
that the immediate reaction to insulin may be lessened 
markedly because of its capture by circulating antibody, 
which may result in the picture of apparent insulin 
insensitivity. In patients with high concentrations of 
circulating antibody relatively large amounts of insulin 
are required before the binding capacity of the serum is 
saturated and the syndrome of striking insulin resistance 
may become manifest. After a large amount of insulin 
has been administered in the effort to overcome this 
resistance, the patient is left with a high concentration 
of circulating insulin “trapped” in the insulin-antibody 
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complex. Even if insulin administration is then dis- 
continued, the slow release of insulin from the dis- 
sociating complex provides the tissues with a continuous 
supply of insulin for many hours and occasionally for 
days. As a consequence of this and of the diminished 
insulin requirements which attend the lowering of the 
blood sugar, hypoglycemic reactions may recur repeatedly 
in the absence of further insulin therapy.7? This phe- 
nomenon is also seen occasionally in schizophrenic pa- 
tients receiving insulin shock treatment. Although pro- 
gressively increasing insulin dosage may be required for 
the induction of coma, there may be considerable difh- 
culty for hours afterward in restoring and maintaining 
a normal blood sugar level. 

While the factors responsible for controlling the rate 
of antibody formation are not as yet established, it 
seems reasonable to suspect that the temporary increase 
in insulin requirements which frequently accompanies 
acute infection may be due, at least in part, to a non- 
specific stimulation of the rate of insulin-antibody pro- 
duction. 

Cases of insulin resistance, at least some of which 
appear to be caused by immune antibodies, not in- 
frequently present challenging clinical problems. There 
is some evidence that adrenal steroids may be of benefit 
in these conditions, but the possibility that their action 
is mediated through an effect on the insulin-binding 
antibody still requires experimental supfort with precise 
quantitative data. Many other questions of academic as 
well as clinical interest likewise remain unanswered at 
present, and pose problems for elucidation by future 
investigations. 


SUMMARIO IN INTERLINGUA 


Studios con Anticor pore Insulino-Ligante 

Es discutite le demonstration del existentia de un 
anticorpore insulino-ligante in le seros de diabeticos e 
nondiabeticos tractate con insulina. Le anticorpore migra 
in le region inter gamma e beta in electrophorese zonal. 
Le ligation de insulina al anticorpore modifica le responsa 
del histos a insulina exogene e le action del histos super 
insulina. Duo typos differente de complexos de insulina 
e anticorpore ha essite detegite. Il es probabile que le 
differente typos de complexos es formate ab characte- 
risticamente differente sitos de anticorpore. Le significa- 
tion clinic de iste constatationes es etiam discutite. 
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DISCUSSION 


ARNOLD LAzArRow, M.D., PH.D., (Minneapolis): | 
very much enjoyed Dr. Berson’s interesting presentation 
and I would like to ask a question related to the signifi- 
cance of the antibody levels present in the insulin- 
resistant patients. It is, of course, possible that blood 
antibodies per se could produce the insulin resistance 
because of the removal of large quantities of blood in- 
sulin. On the other hand it is equally possible that anti- 
bodies develop secondarily to the insulin resistance. If, 
for example, the insulin resistance were the result of a 
factor other than insulin antibodies, the necessity of ad- 
ministering large amounts of insulin to these patients in 
order to control the diabetes might be a factor in the 
production of the high antibody levels. Thus the anti- 
bodies to insulin could be a direct consequence of the 
administration of larger than usual amounts of insulin. 
The finding of antibody in combination with large 
amounts of insulin in the blood would then be the 
secondary result of the insulin resistance rather than its 
primary cause. 

We have considered these two possibilities at great 
length in the work which Arquilla has carried out on 
insulin antibodies in diabetes. At the present state of our 
knowledge we do not have sufficient evidence to differ- 
entiate between the two possibilities presented. 

ARTHUR R. COLWELL, SR., M.D., (Chicago): We 
have greatly enjoyed the imaginative work of Drs. Berson 
and Yalow in this field. It may lead to something of 
fundamental importance, if the question of species spe- 
cificity in these immunologic reactions can be solved. 

We and others have reported cases of striking insulin 
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resistance in which an immunologic mechanism has been 
exhibited in an exaggerated fashion. Reversal with 
steroid therapy has been shown. 

I should like to ask Dr. Berson if they have had any 
experience with tagged human insulin in patients with 
diabetes who have never received exogenous insulin. If 
a mechanism such as they have shown could be demon- 
strated under those conditions, the key to an important 
etiological factor in so-called idiopathic diabetes would 
be at hand. 

GEORGE E, ANDERSON, M.D., (Brooklyn): I should 
like to ask Dr. Berson whether he and his group have 
correlated any of this work with evidence of insulin 
sensitivity or resistance such as we have been finding 
in our “‘six-minute test’’ (DIABETES 3:462-66, 1954). 

It seems to me that this simple test should reflect by 
degree of insensitivity to insulin those patients whose 
blood on assay would show the antibody combination 
described. Dr. Berson was able to find a high titer in 
one of our patients who at the time was unresponsive to 
insulin by the “‘six-minute test.” She had required 8,000 
units of insulin daily. After exposure to cortisone for 
several days the test reverted to normal sensitivity, 
insulin dosage being reduced from 600 units (which 
was her usual dose) to 60 units after three days of the 
steroid. 

JaMEs B. Fietp, M.D., (Bethesda): I should like to 
compliment Dr. Berson on this beautiful piece of work. 
Through the courtesy of Dr. James Moss of Georgetown 
University Hospital, we recently have had occasion to 
study a patient with chronic insulin resistance and found 
that serum from this patient who required approximately 
400 units of insulin per day bound 98 per cent of 0.2 
units I’**-labeled insulin/ml. This patient was then 
treated with steroids for three days, resulting in a dra- 
matic reduction in insulin requirement to 30 units per 
day. However, much to our surprise, when we re- 
examined her serum,.after ACTH, 98 per cent of the 
same dose of insulin was still bound. I should like to 
know if Dr. Berson has a possible explanation for this 
finding. 

CeEcIL STRIKER, M.D., (Cincinnati): I should like to 
ask Dr. Berson whether there are any differential patterns 
of association or disassociation for the various insulins, 
such as crystalline, PZI, NPH and Lente insulin, that is, 
in reference to their own protein content ? 

Lewis C. PARK, M.D., (Kew Gardens, New York): 
I should like to ask Dr. Berson if he has done any work 
with acidosis, and what is the mechanism with regard to 
antibody insulin in relation there ? 

Dr. Berson: Dr. Lazarow brought up the question 
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that there might be some factor responsible for an in- 
crease in the insulin requirements of certain diabetic 
patients which then provokes the administration of larger 
amounts of insulin to these patients; they may then de- 
velop a higher concentration of circulating antibody. I 
think that probably in the case of many antigens, the 
larger the dose of antigen, the more likely the probabil- 
ity that higher concentrations of antibody will result. 

The insulin-binding antibody, however, is found uni- 
formly in patients who have received insulin for more 
than three months or so, even in those who have re- 
ceived relatively small doses of insulin, of the order of 
15 to 20 units a day. The fact is that in insulin-resistant 
patients, we always observe a much higher concentration 
of antibody than in the usual insulin-treated diabetic. 
Whether this much larger amount of antibody is due 
to the fact that these patients have had a larger amount 
of insulin, I cannot say for sure. 

In reference to the question with regard to human 
insulin, I think that this is a subject that really needs 
further investigation, i.e., the species specificity of the 
various insulins. As you know, Sanger has characterized 
five different species of insulin and has found them to 
differ only in positions 8, 9 and ro on the glycyl chain. 
Moreover, there are only two amino acids for each of 
these three different positions which have been found 
in the five different species. There is, therefore, a maxi- 
mum total of eight possible different mammalian insulins 
if these findings continue to be borne out in other species. 

Whether human insulin resembles that of one or 
another of the animal species or not, we don’t know. 
However, we must consider the possibility that none of 
the insulins we have available in crystalline form is the 
same as the endogenous insulin of that species. There is 
a suggestion of such a difference, since it has been re- 
ported in a recent publication (Maloney, P. J., and Coral, 
M., Biochem. ]. 1955, 59:179) that antibodies to pig 
insulin, produced in guinea pigs, neutralized some crude 
preparations of guinea pig insulin but not others. 
Furthermore, a sheep immune to pig insulin was also 
possibly resistant to crystalline sheep insulin suggesting 
that the latter differed from endogenous sheep insulin. 

It is possible, therefore, that during the extraction of 
insulin, some change is made in the molecule which 
makes an antigen out of the insulin. Therefore, it is 
conceivable that even if we were to obtain crystalline 
human insulin, antibodies to this insulin might still be 
provoked in human subjects. 

With regard to Dr. Anderson’s question about cor- 
relation with results on six-minute glucose tolerance 
tests, we have not done those ourselves. I have little 
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doubt, however, from our studies in vitro and in vivo 
on the binding of insulin that many patients who do have 
antibody will show much less of a response to a small 
dose of insulin than patients who have never been 
treated with insulin and have not developed antibody 
even though they may be diabetic at the time. 

With regard to Dr. Field’s comments, I have been 
aware of this patient whom he has studied and who 
showed approximately the same amount of insulin 
binding following an apparent break in the insulin re- 
sistance. We really cannot answer that satisfactorily, 
except to say that it may not be quite valid to say that 
this patient’s serum bound the same amount of insulin 
from observations at a single concentration, especially 
in the region where about 98 per cent was bound. 
Actually, within very wide levels of insulin concentra- 
tion, you may appear to get the same fraction bound, 
especially at the higher binding ratios, and yet if you 


were to do this very precisely and follow it out over the 
entire range of insulin concentrations, you might very 
well find that the insulin-binding capacity had de- 
creased by 10-fold or even 100-fold. 

In regard to the question of NPH insulin, we have 
not done studies with any insulins other than crystalline 
beef and crystalline pork insulin. If we used a prepara- 
tion containing noninsulin-bound tyrosine, we might be 
labeling the carrier protein, and couldn’t be sure whether 
it was the insulin or this other nonspecific protein which 
carried the radioactive label. 

With regard to the question of acidosis, all I say is 
that we have received sera from patients who were re- 
sistant to insulin, and who were in acidosis at the time 
that the serum was drawn. These sera show a high 
concentration of insulin-binding antibody. On the other 
hand, we find that sera from the same patients, even 
when no longer in acidosis, show similar findings. 





The Future of Enzyme Research 


Enzymes are proteins. During recent years we have 
seen the astounding development of chemical methods, 
including chromatography, to such power as to permit 
the determination of long sequences of amino acids in 
the polypeptide chains of proteins. It is evident, how- 
ever, that an understanding of the specific properties of 
proteins cannot be obtained through knowledge of amino- 
acid sequences alone. It will also be necessary to have 
knowledge of the way in which the polypeptide chain is 
folded, and the detailed configuration in space of the side 
chains. I am confident that the X-ray investigation of 
crystals of globular proteins will be successful in leading 
to the complete structure determination—the location of 
every atom—of the molecules of many proteins long 
before the next fifty years of enzyme research are over. 
I am willing to forecast that within ten years there will 


have been made such a complete structure determination 
of at least one crystalline globular protein. 

It is hard to forecast to how great an extent enzyme 
research during the next fifty years will lead to progress 
in the field of medicine. It is now known that a number 
of diseases are the result of some sort of abnormality 
involving enzymes, and that perhaps these diseases should 
be described as molecular diseases, resulting from the 
synthesis of enzymes of abnormal structure, which are 
not able to carry out in a proper way the work that the 
enzyme normally does. 

From an article by Linus Pauling, in Enzymes: 
Units of Biological Structure and Functions. 
Henry Ford Hospital International Symposium, 
edited by O. H. Gaebler, New York, New 

York, Academic Press, 1956, p. 180. 
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The Mechanism of Action 
of the Hypoglycemic Sulfonamides 


A Concept Based on Investigations in Animals and in Man 


Auguste Loubatieres, M.D., Montpellier, France 


The majority of physiological or pharmacological sub- 
stances are not characterized by a simple specific exclusive 
mechanism of action. In addition to the principal or 
preferential action there exist secondary effects which, 
depending upon experimental conditions or species, may 
become more prominent than the principal effect. Some- 
times the secondary actions reinforce the primary one, 
and sometimes they are in opposition. Under certain 
circumstances the interrelationship between the primary 
and the secondary effects is so intricate that it is difficult 
to dissociate one from the other. 

The hypoglycemic sulfonamides are no exception to 
this rule; they have both primary and secondary actions. 
The emergence of one or the other depends upon the 
type of experiment (acute or chronic). It is the object 
of the physiologist or the pharmacologist to analyze and, 
if possible, to dissociate the observed effects. 

The data obtained in the last fourteen years permit 
us to present a plausible if incomplete concept concern- 
ing the mechanism of action of the sulfonamides. 

To begin with, let us consider the pharmacological 
data. Two types of substances have been studied in 
animals and in human diabetics, the thiodiazole deriva- 
tives, of which the initial compound was the isopropyl 
(2254 RP, IPTD) and the urea series of which the 
original was carbutamide (BZ-55). Tolbutamide (D 
860) is a variant of carbutamide. When one arranges 
in parallel the substances we have studied with the 
sulfonylureas, the similarities become evident (table 1). 
The substitution of a methyl for the NH, group on the 
benzene ring does not modify either the pharmacologi- 
cal or the therapeutic activity. 

We shall consider the mechanism of the hypoglycemic 
action and then the mechanism of the antidiabetic action 
of these materials. These two properties were recognized 
between 1942 and 1946 by Loubatiéres, and they have 





Reprinted with minor changes from Annals of The New 
York Academy of Sciences, Volume 71, Article 1. 

From the Laboratory of Applied Physiology, Faculty of 
Medicine, Institute of Biology, Montpellier, France. 
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since been confirmed by numerous authors using both 
series of compounds. In the second portion of this 
paper we shall discuss how ideas derived from animal ex- 
perimentation can be extrapolated to diabetic humans. 


ANALYSIS OF THE HYPOGLYCEMIC ACTION OF THE 
SULFONAMIDES IN ANIMALS 


One important point is immediately evident: the 
fundamental role of the pancreas. The pancreas is indis- 
pensable to the hypoglycemic action; this effect does not 
occur in the totally depancreatized dog (figure 1) .1-3 44,8 
On the other hand, if one leaves only a small quantity 
of pancreatic tissue in the abdomen, the hypoglycemic 
action becomes manifest.1* In the hypophysectomized 
depancreatized dog, which is sensitized to hypoglycemia, 
the sulfonamides do not lower the blood sugar.*@: 4», 4c 
It is not the level of the blood sugar, but rather the 
presence of the pancreas that conditions the hypoglycemic 
response to the sulfonamides. 

The endocrine glands other than the pancreas are not 
essential for the hypoglycemic effect; it can be achieved 
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Hypoglycemic action of 2254 RP in the normal dog. 
Dose: 0.4 gm. per kg. by mouth (P.O.) or by vein 
(I.V.). Note the lack of effect in the depancreatized 
animal (upper curve). 


FIG. |. 


in the rat lacking the pituitary, adrenals, thyroid, parathy- 
roids, and gonads (unpublished experiments). The liver 
itself is not absolutely essential, since a certain degree 
of hypoglycemia can be produced after acute hepatect- 
omy.%2 9 In one experiment we were able to show that 
the hypoglycemic action of 2254 RP or of carbutamide 
was obtainable in the same dog, which was successively 
deprived of adrenals, thyroid and parathyroids, gonads, 
and pituitary (figure 2). In this animal, during the 
course of postsulfonamide hypoglycemia, pancreatectomy 
interrupted the fall in blood sugar, and diabetes super- 
vened.1® 11 


1.60 | 








Blood glucose gm./I 


The ablation of some endocrine glands increases the hy- 
poglycemic action. This is the case after hypophysectomy 
and especially after adrenalectomy. ‘**® 1°14 The toxic 
action of the sulfonamide and the degree and duration 
of the hypoglycemia increase after adrenalectomy. The 
administration of cortical steroids or of epinephrine pro- 
tects the animals against the hypoglycemic action.*#¢, 12 
The hypophysectomized dogs are probably less sensitive 
to sulfonamide hypoglycemia, because their adrenals are 
able to secrete a little bit of adrenaline and corticoids. 

Since the pancreas is implicated in the hypoglycemic 
action one must suppose that the sulfonamides activate 
the release of insulin from the islets of Langerhans, and 
one must study the mechanism of such release. 

The higher nervous centers do not seem to take part 
in this action.1:2;3 In the dog we have destroyed the 
brain, from the frontal lobes to the posterior limit of the 
corpora quadrigemina. We then destroyed the midbrain, 
removed the pituitary, sectioned the vagi in the neck, and 
ligated the carotids (figure 3). Despite these procedures, 
postsulfonamide hypoglycemia was still produced.*® *° A 
nervous pathway is therefore not involved. 

On the other hand, a small dose of a sulfonamide in- 
jected directly into the arterial supply of the pancreas 
produces hypoglycemia, even though the blood sulfona- 
mide level is low.1-3: 17 Therefore, the excitation of the 
insulin-secreting cells occurs by a humoral pathway, and 
the sulfonamide itself is the agent directly responsible. 

It is possible that a local effect on blood vessels may 
contribute to the liberation of insulin, because there is an 
increased hyperemia of the pancreas after the administra- 
tion of the drugs (unpublished experiments). The im- 
portance of this phenomenon is now under study in our 
laboratory. 


ii 
ee 
— 
“a 
4 








»| Total pancreatectomy 





ov 
°o 
~ 
be 
o~ 
°o 
nN 


FIG. 2. Effects of 2254 RP, 0.2 gm./kg. I.V., on the blood sugar of a dog subjected successively to 
various procedures: (1) normal control; (2) after bilateral adrenalectomy; (3) after subse- 
quent thyroparathyroidectomy and gonadectomy; (4) after total hypophysectomy; and (5) 
after total pancreatectomy. Note the immediate interruption of the hypoglycemic effect of 


the drug by total pancreatectomy. 
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FIG. 3. Hypoglycemic action of 2254 RP, 0.1 gm./kg., given 
intravenously in a dog under chloralose anesthesia. This 
animal was previously hypophysectomized, the vagi 
were cut, the carotids ligated, and the portion of the 
CNS anterior to the corpora quadrigemina was surgi- 
cally removed. 





The 8 cells of the islets seem to be the preferential 
site of action of these drugs. Histological and biochem- 
ical data are in favor of such a concept. The sulfonamides 
cause a relative degranulation of the § cells in acute or 
chronic experiments.!8*! After chronic administration, 
there is hypertrophy of the islet system,?: 2° new forma- 
tion of 8 cells at the expense of the cells of the acini and 
of the ducts,5: 18. *4 and sometimes appearance of mitotic 
figures.18. 21 We think that these are signs of stimulation 
and of persistence of stimulation of the 8 cells. The sul- 
fonamides produce little if any lowering of the blood 
sugar in severe alloxan or pituitary diabetes.5. 16 25, 26 
On the other hand, in less intense diabetes, following 
the administration of alloxan, growth hormone, or cor- 
tisone, the sulfonamides produce hypoglycemia.?: 5. 25-29 
It appears, therefore, that the hypoglycemic response 
depends upon the number of functioning 8 cells spared 
by the diabetogenic substance. According to some authors 
the sulfonylureas lower the insulin content of the pan- 
creas.30 

The hypothesis of destructive action of the sulfona- 
mides on the cells, promulgated first by a group of 
German authors,*5. 31-34 has lost much of its validity, 
if one judges by recent publications.!* #5 According to 
this concept, the sulfonamides damage the « cells to such 
a degree that the «:8 ratio that exists in diabetes is 
compensated for by destruction of the @ cells. This 
theory does not take into account the fact that glucagon 
has not been shown to be an anti-insulin substance under 
all conditions. It also does not take into consideration 
the experimental data that show that the sulfonamide 
compounds are inactive in severe alloxan diabetes, in 
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which the « cells are preserved. Some of the above- 
mentioned authors have modified their initial viewpoint 
and admit that the sulfonylureas act by stimulating the 
p ons" 

It is not impossible, however, that the sulfonamides 
act in some manner to stimulate the « cells and to liber- 
ate locally some glucagon(?), which in turn facilitates 
the liberation of insulin. This is in accord with the fact 
that in treated animals the glucagon content of the pan- 
creas is not less than in normals.8® Such a phenomenon is 
consistent with the fact that in mild alloxan diabetes the 
sulfonamides are hypoglycemic. 

The hyperglycemic action of glucagon does not seem 
to be significantly affected by the drugs.?6 36 87a, 37b 
However, in in vitro experiments using hepatic tissues 
and very high levels of sulfonamides, an inhibition of 
glucagon action was obtained.*® 

The mechanism of the action of these drugs on the 8 
cells is unknown, but several hypotheses may be ad- 
vanced. We may be dealing with a stimulation of insulin 
secretion, a liberation of insulin from granules that retain 
the hormone in the cell, an activation of insulin pre- 
cursors, Or an increased entry of insulin molecules into 
the circulation by reason of increased vascularity. One 
must remember, above all, that we are ignorant of the 
intimate physiological mechanisms concerned with the 
elaboration and secretion of endogenous insulin itself. 

By means of cross-circulation experiments, one can 
detect the passage of a hypoglycemic substance liberated 
by the sulfonamides.?: 3 3° 

It is also possible to show this by more simple experi- 
ments, for example by the injection of small quantities 
of the drug into the artery of the uncinate portion of the 
gland or into the canal of Wirsung.1: ?: 3.17 We do not 
know whether the properties of the endogenous insulin 
that is liberated are identical to those of insulin obtained 
by extraction. This endogenous insulin would be liberated 
normally into the portal system and carried to the liver, 
which probably increases the efficiency and activity of 
the hormone. 

It is possible to show in the normal and in the depan- 
creatized dog a curious property of these sulfonamides— 
a potentiating effect on exogenous insulin (figure 
4).4¢ 41 This action does not require the presence of the 
pancreas, but does require exogenous insulin. We have 
recently shown that it is possible to introduce a small 
quantity of active insulin into the blood stream of a 
normal or depancreatized dog by giving the animal, by 
mouth, a solution of glycerol containing a very large 
dose of insulin (1o units per kg. body weight). The 
administration of 2254 RP, carbutamide, or tolbutamide 
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FIG. 4. Hypoglycemic action of insulin (I) and of insulin plus 
2254 RP (I + S) in a depancreatized dog. Dosage: 
insulin, 0.5 units/kg. S.C.; 2254 RP, 0.25 gm./kg. given 
1.V. immediately before the insulin. 


potentiates the effects of the very small quantity of 
insulin that has been absorbed (figure 5) .76 

These experiments show that the portal route is 
favorable to the action of insulin (which then acts di- 
rectly on the liver) and also favors the potentiation by 
sulfonamides. These data are interesting from many 
points of view, especially with regard to the suggestion 
that these substances inhibit insulinase.**: 43. 44 We are 
working with this program actively now, and it seems 
probable that the liver plays an important role in the 
phenomenon of potentiation. 

It may be that enzymes such as insulinase,*?: #* located 
in the liver, which normally destroy insulin, are inhibited 
by the sulfonamides, and that this forms part of the 
mechanism of potentiation; but this factor is certainly not 
the only one. In our experiments, high doses of sulfon- 
amides were utilized (0.25 gm. per kg.). One may 
question whether, when therapeutic concentrations such 
as those employed in humans are used, this anti-insulinase 











activity intervenes at all or whether its role is very 
important. The sulfonylureas do not change the rate of 
degradation of labeled insulin in vivo,#® and substances 
that inhibit insulinase are not always hypoglycemic. 
Moreover, it has been shown that the sulfonamides did 
not seem to inhibit a purified insulinase preparation. It 
appears to us that, if such a potentiation exists, it may 
exercise its effect following the liberation of a small 
quantity of endogenous insulin from the islets. The two 
mechanisms explain both the rapidity of the fall of blood 
sugar and also its duration. Recent experiments in our 
laboratory show that hypoglycemic sulfonamides are able 
to potentiate in a reactive depancreatized dog the hypo- 
glycemic action of endogenous insulin which is present 
in the circulating blood of a normal dog.” 

Let us now consider the role of the liver in the hypo- 
glycemic action of the sulfonamides. Although the role 
of the liver in the mechanism of blood sugar regulation 
is fundamental, the details are not all clear. It is no 
wonder then that the mechanism of action of the sulfona- 
mides on the liver is still confused. 

One important point stands out. Hepatectomy does 
not interfere with the acute lowering of the blood sugar 
caused by the sulfonamides, provided the pancreas is 
intact. This demonstration favors a pancreatic and extra- 
hepatic action of these substances. This does not mean 
that the sulfonamides have no action on the liver, since 
the insulin that they liberate, or indirect modifications 
produced by it, may exert some action on that organ. 
Moreover, one cannot exclude the possibility of some 
hepatic influence during prolonged administration of a 
sulfonamide. 

The drugs do not exert evident toxic actions in the 
normal animal, but it is possible that in pancreatic de- 
ficiency such a toxicity becomes overt, especially after 
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FIG. 5. Effect on the blood sugar of the depancreatized dog of orally administered insulin, 10 
units/kg. (curve 1), and of oral insulin given three hours after ingestion (time 0) of 2254 
RP, 0.25 gm./kg. (curve I1). Each curve shows the mean value and the range. 
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prolonged administration. This has occurred in some 
experiments.® It is indeed very difficult to estimate the 
toxicity of a drug in a depancreatized animal because of 
metabolic and digestive disturbances provoked by pan- 
createctomy. One can assert that these sulfonamides 
appear to be less toxic than synthalin. We may be dealing 
with some elective toxicity of one or another enzymatic 
system or cellular function. 

The sulfonamides seem to favor formation of glycogen 
in the livers of normal animals.1: ?: 3. 46. 47 This glycogen 
can be mobilized by epinephrine or by glucagon. We 
have always supposed that this glycogenogenesis was 
due to the liberation of small quantities of endogenous 
insulin into the portal system leading to the liver. 

It has been demonstrated that glucose-6-phospha- 
tase3 48,49 and phosphorylase** could be inhibited in 
vitro by large concentrations of the sulfonamides. Does 
this occur in vivo and, if it does, is it sufficiently intense 
to explain the rapidity of the observed hypoglycemia? 
If that were true why does the totally depancreatized 
dog not show a decrease in blood sugar? Why does hypo- 
glycemia not occur when these drugs are administered to 
severely alloxan diabetic animals or in very severe dia- 
betes in man? The liver is present under all such con- 
ditions and contains the enzymes that should be inhibit- 
ed; on the other hand, the number and _ functional 
capacity of the 8 cells are reduced as well. Finally, we 
are not sure that these enzymatic inhibitions are specific 
for the hypoglycemic sulfonamides. 

Some endocrine glands or their products are able to 
modify the hypoglycemic action. We have shown that 
the administration of one of the sulfonamides does not 
interfere with the diabetogenic action of whole pituitary 
extracts?» 3 and that the sulfonamide effect itself is modi- 
fied so that an initial rise in blood sugar precedes a small 
fall.15, 16 It would be interesting to do these experiments 
with purified growth hormone. One may ask if the dia- 
betogenic extract has not modified the reactivity of the 
islet cells. Epinephrine hyperglycemia is not inhibited by 
the sulfonamides.?® 36 37 Jt is quite possible that the 
moderate convulsive response shown by animals treated 
with these drugs depends upon an extra secretion of 
epinephrine and adrenocortical hormones.’? It is also pos- 
sible that the sulfonamides themselves depress nervous 
centers that are activated in the hypoglycemic state.** 

We do not think that the action of the sulfonamides 
on thyroid function has any relation to the hypoglycemia, 
since thyroidectomy does not interfere with it.’” 1° There 
are no demonstrable actions on the parathyroids nor on 
the gonads.1 15 

The effect of these drugs on the peripheral utilization 
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of glucose has been studied in various ways. In isolated 
muscle®: ®> and in the eviscerated animal® 9%, 9. 46 the 
drugs do not increase glucose utilization. They do not 
elevate the R. Q. of the totally depancreatized animal.*: 
If an insulin-like action is manifested in the normal 
animal, it is probably insulin itself that is implicated. It 
should be remembered that contradictory results have 
been obtained in relation to glucose utilization.5° 58 
These contradictory data have been obtained using vari- 
ous criteria, such as glucose tolerance, arteriovenous 
glucose differences, levels of intermediates in the blood, 
or glucose assimilation constants. The positive results 
are of value, since they have demonstrated that, if con- 
ditions are correct, the phenomena can be obtained. 

In all such experiments we are testing the effects of 
endogenous insulin, and we do not know its exact 
physiological actions. It is possible, for instance, that 
what we call endogenous insulin is a mixture of varying 
proportions of insulin and glucagon. The exogenous 
insulin, which we know better, may only approximate 
the physiological secretion. 


ANALYSIS OF THE “ANTIDIABETIC ACTION” OF THE 
SULFONAMIDES IN ANIMALS 


By “‘antidiabetic action,” we understand the following 
type of phenomenon. If one treats a moderately alloxan 
diabetic rabbit for several days with large doses of 2254 
RP, one hastens the disappearance of the hyperglycemia 
and the glycosuria; at the same time its weight, which 
has been diminishing, stabilizes. The diabetes is amelior- 
ated, and considerable metabolic improvement becomes 
manifest.*: 5. 24, 28, 34 In some cases a potential diabetes 
remains and becomes overt when carbohydrates in larger 
amounts are administered. In other cases the diabetes 
disappears completely. The same phenomenon can be 
observed in the dog, but is much more difficult to achieve 
(figure 6). The intimate mechanism of this amelioration 
or disappearance of the diabetes is under study. In the 
pancreas of animals “cured” of their diabetes we have 
seen new formation of § cells.*» 2° 24° The most active 
substance in this respect is 2259 RP. 

Since it has been shown already that the pancreas is 
necessary for the action of these drugs, and since the 
gland is the seat of a lesion provoked by alloxan, it is 
reasonable to conclude that the improvement is due to an 
intrapancreatic action. Experimentally, a very small 
degree of insulin deficiency is sufficient to elicit mani- 
festations of the diabetic state; inversely, when the dia- 
betes is mild, a small increase of insulin secretion will 
permit the alleviation of the diabetic state. It is there- 
fore reasonable to suppose that the new formation of § 
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FIG. 6. Dog with recent and moderately intense meta-alloxanic 
diabetes (average glycemia when fasted 2.8 gm. per 
L.; average glycosuria 40 gm. per twenty-four hours; 
considerable loss of weight). 

Sixteen days after onset of diabetes the dog received 
orally 2259 RP (2 gm. per day for eighteen days, 
afterwards | gm. per day for twenty-one days). 

After the treatment with sulfamides was stopped, the 
diabetes receded. Fasting blood glucose normal; no 
glycosuria; the weight is higher than the initial weight. 
A biopsy of the pancreas shows the existence of newly 
formed islets of Langerhans. The diet remained con- 
stant during the entire experiment. 


cells augments the quantity of secreted insulin, thereby 
explaining the antidiabetic action observed. In some cases 
the effect is temporary, and the diabetic manifestations 
reappear progressively. It is also well established that if 
the alloxan diabetes is severe, no remission or improve- 
ment is possible. 


CONCLUSIONS FROM ANIMAL EXPERIMENTS 


We believe that acute administration of the sulfona- 
mides acts primarily on the 8 cells to cause liberation 
of endogenous insulin. This insulin is secreted into the 
portal vein and reaches the liver cells directly. Large 
doses of the sulfonamides potentiate the effects of ex- 
ogenous insulin. This phenomenon may be due to an 
anti-insulinase action in the liver, but this has not yet 
been specifically demonstrated. The chronic administra- 
tion of the sulfonamides can cause a new formation of 8 
cells, as well as a liberation of insulin from them. The 
metabolic benefit produced by these substances depends 
on the number of § cells that are not damaged or can be 
regenerated. 

The action of these drugs on enzymatic mechanisms in 
the liver concerned with insulin destruction or with sugar 
metabolism is not yet completely explained. These en- 
zymatic inhibitions are manifest only after large doses 
of the drugs, and they may or may not be specific. A 
stimulatory action of the sulfonamides on the adrenal 
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glands may explain in some fashion the responses shown 
by treated animals to hypoglycemic convulsions. 


HYPOGLYCEMIC ACTION OF THE SULFONAMIDES IN 
HUMAN DIABETICS 


In normal humans and in some diabetic patients the 
hypoglycemic action of the sulfonamides is easily ob- 
served.?5, 31, 33, 56,57 The hypoglycemia may require in- 
travenous injections of glucose.5*58 Its manifestations 
are often insidious; we have compared them to those 
seen after large doses of depot insulin. If the low blood 
sugar persists for several hours in a fasting individual, 
central nervous system manifestations occur. The de- 
gree and the rapidity of the hypoglycemia obtained by a 
test dose of one of the drugs seem to be in accord with 
our knowledge of the insulin contained in the normal 
and diabetic pancreas. 

In the depancreatized human the*sulfonamides do not 
lower the blood sugar.5!: 5®6! On the other hand, in a 
hypophysectomized human who shows adrenal and thy- 
roid deficiency, sulfonamide hypoglycemia can be pro- 
duced.® 

These drugs depress thyroid function temporarily,®*: 
but even on continued treatment this hypothyroid condi- 
tion does not persist in most cases. The excretion of 17- 
ketosteroids and of 17-hydroxycorticoids is not changed. 
The effects of epinephrine and of glucagon are not modi- 
fied.26. 59, 65,66 The sulfonamides do not appear to 
exhibit much toxicity in the liver in the doses utilized 
clinically, since various tests of hepatic function are in 
general not depressed. It is important to reserve judg- 
ment about effects on the liver after very prolonged use 
of the drugs. 

Contradictory results have been obtained concerning 
the effects of the drugs on glucose tolerance. Some 
patients respond rapidly and in a favorable manner, 
others only after many weeks.5? 

A potentiating effect on exogenous insulin has been 
observed in the diabetic, but the phenomenon is not 
constant. The response may depend on the type of dia- 
betes and on the manner in which insulin and the drugs 
have been used. It is interesting to record that in some 
insulin-resistant patients the administration of sulfona- 
mides has sometimes broken the resistance. 


ANTIDIABETIC ACTION OF THE SULFONAMIDES 
OBSERVED IN THE HUMAN 
The antidiabetic action observed in human diabetics 
consists of a temporary remission or an apparent cure of 
the diabetes for several weeks after the cessation of treat- 
ment, with the restoration of a normal glucose balance. 
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This phenomenon is relatively frequent in diabetics over 
fifty years of age, but it has been seen in younger indi- 
viduals, particularly those with diabetes of recent onset. 
We have seen a girl of fifteen whose parents and grand- 
parents died of diabetic complications, including coma, 
in whom 2254 RP given for fifteen days seemed to cause 
a regression of diabetic manifestations for seven months 
(unpublished). Other authors have published similar 
observations.® 6° It is true that, scientifically speaking, 
we should interpret such phenomena with reserve, but it 
does appear that, in such cases, the remission was due to 
8-cell regeneration which permits the individual to enter 
a phase similar to the prediabetic state. It would be difh- 
cult to interpret these results as due to reversible chronic 
liver depression. The reappearance of diabetes after re- 
mission could be explained by extrapancreatic factors 
(pituitary, adrenals, thyroid) or intrapancreatic condi- 
tions (% cells?) which break down the provisional and 
precarious restoration of the glucose balance. 

We have made clinical trials using thiodiazole deriva- 
tives and the sulfonylureas in 160 patients.21; 55-57, 70, 71 
The thiodiazoles 2254 RP and 2256 RP appear to be less 
active than either carbutamide or tolbutamide, but 2259 
RP (the tertiary butyl derivative) is at least as active 
and well tolerated as any of the urea compounds. 

We have divided our patients into three groups on 
the basis of their response to sulfonamides: 

The first group comprises the patients who have re- 
acted favorably to the sulfonamide regime; this group 
consists in general of patients of the lipoplethoric type 
over forty-five years of age.7* These patients tolerate the 
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diabetic state well, but need insulin because of glyco- 
suria and complications. In this group the sulfonamides 
were generally able to replace 20 to 30 units of insulin 
(sometimes up to 70 units). The diabetic state was ameli- 
orated, and trophic, cutaneous, and vascular complications 
were temporarily halted. After cessation of sulfonamide 
therapy, the complications reappeared at the same time 
as did the glycosuria. A second therapeutic trial led to 
another remission (figure 7). It was possible to do surg- 
ery in diabetics on sulfonamide therapy alone. The diet 
was restricted to 150 gm. of carbohydrate per day . 

It should be noted that this first group of patients cor- 
responds clinically to those with a pancreas containing 
many 8 cells and an insulin content about 50 per cent 
of normal.73: 74 In such patients, two hours after glu- 
cose the blood contains insulin at a level of 70 per cent 
of normal. All such individuals have a local deficiency 
of insulin in their pancreas, but their intracellular insu- 
lin appears to be difficult to mobilize. This phenomenon 
could be interpreted as a state of paresis of the § cells.* 





*We must recall that in 1946 we wrote: “It is logical to 
assume that such hypoglycemic agents could eventally be used 
in the treatment of certain forms of diabetes. One must suppose 
that in addition to diabetes that results from anatomical damage 
to the islets of Langerhans there may be another functional 
form, as a consequence of deficiency of insulin secretory 
mechanisms. In the latter case the islet cells might appear 
histologically normal, even though they have an abnormal 
excitation threshold, and would therefore liberate less insulin 
than is necessary to maintain a normal blood sugar level. It is 
in this type of diabetes that it would appear logical to utilize 
the sulfonamide compounds with which we have worked. 


FIG. 7. Diabetic patient, Mrs. M. Ch., sixty-six 
years old. Insulin therapy had been re- 
quired for three years. Insulin with- 
drawal led to intense diabetes. The 
left portion of the graph shows the 
first period of sulfonamide therapy. 
The right side shows a second period 
of the same therapy. Between these 
periods the patient received neither 
insulin nor sulfonamide for one month. 
Ulcerations on the plantar portions 
of her feet disappeared when sulfona- 
mides were given, reappeared during 
the interval between treatment peri- 
ods, and disappeared again during 
the second treatment. Her general 
health was excellent under this therapy, 


and her weight increased. G — fast- 
ing blood sugar; S$ = blood sulfona- 
mide. 
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One may ask whether the amelioration of some of 
the complications may not depend in part upon the bac- 
teriostatic action of the sulfonamides. 

The second clinical group consists of patients who 
have not benefited from therapy. These are mainly young 
people, but some older diabetics are also included. In- 
sulin treatment was obligatory because ketosis had ap- 
peared when the hormone was withdrawn. These pa- 
tients belong to the group completely deficient in in- 
sulin.** The pancreases of such patients have few intact 
8 cells, and the insulin content is close to 10 per cent of 
normal.*3. 74 The blood of such patients contains little, 
if any, detectable insulin. In some cases in this group the 
sulfonamides actually intensify the diabetic state. It is 
true that in some young patients with diabetes of recent 
onset sulfonamide treatment has produced remissions, but 
these are rare instances. 

The third group comprises those patients who have 
benefited partially. It was possible to reduce but not com- 
pletely to eliminate insulin. This partial benefit may be 
due to some liberation of endogenous insulin, to the po- 
tentiation effect, or perhaps to new formation of cellular 
elements in the pancreas. 

One sees, therefore, that in man as well as in animals 
the functional apparatus of the pancreas is linked inti- 
mately to the action of the sulfonamides. The 8 cells and 
their hormonal product play an important role in this 
action. This mechanism does not exclude other modes of 
action, but we believe it to be the most important. We 
shall accept other mechanisms when they are demon- 
strated. It is interesting to note that investigators of au- 
thority in the field, independently and also simultaneous- 
ly with us, have seen that the efficacy of the sulfonamide 
treatment depends upon the type of diabetes (growth- 
onset or maturity-onset) .7!, 3 The validity of the theory 
which we have proposed and maintained can explain 
the state of our knowledge at present, even though some 
of the effects are left unclear. This is for the future to 
unravel. Certain reservations should be mentioned now. 

(1) When one uses the sulfonamides for the chronic 
therapy of diabetes mellitus, one must bear in mind the 
possibility that a decompensation and weakening of the 
B-cell system may occur. With judicious administration 
and good clinical indications, one would expect this to 
be a rare occurrence. 

(2) As a chemical group, the hypoglycemic sulfona- 
mides are probably not devoid of toxicity. They may 
provoke sensitization; they may accumulate in various or- 
gans or tissues; and some enzymatic systems may be 
blocked in the course of long-term administration. It is 
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also possible that some individuals originally sensitive 
to their action may later become refractory. Such cases 
are extremely rare. 

The drugs under discussion are of interest for the 
study and for the possible treatment of diabetes, and 
some of the results obtained in man are highly impres- 
sive. There is reason to feel that further research may 
develop a substance having the essential property of the 
sulfonamides, but without certain of their inconveniences. 
We believe that these drugs have already been the oc- 
casion of much valuable research in the physiology, phar- 
macology, and pathogenesis of diabetes. One must re- 
serve complete judgment in relation to treatment. 


SUMMARIO IN INTERLINGUA 


Le Mechanismo del Action de Sulfonamidos Hypogly- 
cemic: Un Conception Basate Super Investigationes in 
Animales e Humanos 

Es presentate, super le base de extense investigationes 
laboratorial, un analyse del action hypoglycemic e del 
action antidiabetic de sulfonamidos in animales. Le ideas 
derivate ab le experimentation animal es applicate per 
extrapolation al caso del diabetico human. 

Le datos experimental supporta le these que le admin- 
istration acute de sulfonamidos age primarimente super 
le cellulas pancreatic 8 con un resultante liberation de in- 
sulina endogene. Iste insulina es secernite a in le vena 
portal e avantia directemente verso le cellulas hepatic. 
Grande doses de sulfonamido produce un potentiation del 
effectos de insulina exogene. Iste phenomeno es forsan 
explicabile per un action contra le insulinase del hepate, 
sed iste possibilitate ha non ancora essite demonstrate 
specificamente. Le administration chronic de sulfona- 
midos pote causar un nove formation de cellulas 8 e 
etiam le liberation de insulina ab illos. Le beneficio meta- 
bolic producite per iste substantias depende del numero 
de cellulas 8 que ha remanite intacte 0 que pote esser 
regenerate. 

Le action de iste drogas super le mechanismos enzy- 
matic intra le hepate in tanto que illos es concernite con 
le destruction de insulina o con le metabolismo de sucro 
es non ancora completemente clarificate. Tal inhibitiones 
enzymatic es manifeste solmente post le administration 
de grande doses del drogas, e illos pote esser specific 0 
etiam nonspecific. Stimulation adrenal per le sulfona- 
midos explica forsan in un maniera o un altere le re- 
sponsas a convulsiones hypoglycemic in animales pre- 
tractate con ille drogas. 

Essayos therapeutic con 160 patientes human indica 
que non solmente in animales sed etiam in humanos le 
apparato functional del pancreas es intimemente associate 
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con le action del sulfonamidos. Le cellulas pancreatic 8 
e lor productos hormonal exerce un rolo importante in 
iste action. Le autor nota que le mechanismo describite 
per ille non exclude le existentia de altere modos de 
action, sed istos — si e quando illos es demonstrate — 
va sin dubita monstrar se como non plus que secundari- 
mente significative. 

Ab le puncto de vista del utilisation de sulfonamidos 
in le tractamento de diabeticos human, duo importante 
qualificationes es signalate. 

1. Quando on usa le sulfonamidos in le therapia 
chronic de diabete mellite in humanos, on debe con- 
siderar le possibilitate del occurrentia de un decompen- 
sation e dibilitation del systema de cellulas pancreatic 
8. Si le administration del drogas es manipulate judiciose- 
mente in le presentia de clar indicationes clinic, on pote 
esser secur que iste eventualitate va esser un occurrentia 
exceptional. 

2. Le gruppo chimic del sulfonamidos hypoglycemic 
es probabilemente non libere de toxicitate. Il es possibile 
que ille drogas provoca sensibilisation. Il es possibile que 
illos se accumula in varie organos o histos. Lor adminis- 
tration a longe duration pote resultar in le blocage 
del un o del altere systema enzymatic. Il es etiam pos- 
sible que un individuo qui esseva originalmente sensible 
al action del drogas deveni plus tarde refractori. Iste 
ultime occurrentia es extrememente rar. 

Le drogas hic discutite es de interesse in le studio e 
possibilemente in le therapia de diabete. Certes del re- 
sultatos obtenite in humanos es multo impressionante. Le 
spero es justificate que recercas future va resultar in le 
disveloppamento de un substantia que possede le pro- 
prietates essential del sulfonamidos sed es libere de lor 
disavantages. Le autor assere que le sulfonamidos ha jam 
occasionate multe preciose recercas in le campo del physi- 
ologia, del pharmacologia, e del pathogenese de diabete. 
Ille etiam assere que le judicamento final del valor thera- 
peutic del sulfonamidos debe esser postponite. 
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Administration of Testosterone 


All these considerations show that the theoretical 
foundations for the therapeutic use of testosterone as a 
protein anabolic agent are not firm. Several authors 
state that in some diseases and after injury or surgery 
the catabolic tendency can be reversed by testosterone 
administration. Others, however, found that the positive 
nitrogen balance can be achieved more effectively with 
high dietary protein than with testosterone. Clinical 
investigations also indicate that the effect of testosterone 
on real protein synthesis is at least dubious and, besides, 
the therapeutic value of retention of a few grams of 
nitrogen per day as indicated in some clinical trials is 


SEPTEMBER-OCTOBER, 1957 


at least questionable. The present state of the problem 
may well be characterized by the statement of Moore and 
Ball! that “more data... are needed before we can find 
a solid place in surgical treatment for testosterone.” 





1 Moore, and Ball: Metabolic Response to Surgery. Spring- 
field, Charles C Thomas, 1952. 

From the book Modern Nutrition in Health and 

Disease edited by Michael G. Wohl, M.D., and Robert 

S. Goodhart, M.D. Philadelphia, Lea & Febiger, 1955. 

Chapter ‘Digestion, Absorption and Metabolism of 

Protein” by Ernest Geiger, M.D., Ph.D., p. 135. 
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Absorption and Excretion of Radioactive 
Vitamin B,, in Diabetes 


A Study in Patients with and without Retinopathy 


Howard H. Stone, M.D., and Bacon F. Chow, Ph.D., 
with the technical assistance of Ann Knepshield, Baltimore 


Previous reports from this Institution have suggested 
that the metabolism of vitamin B,, in patients with 
diabetes mellitus is different from that in nondiabetic 
controls. In 1953 Becker and others! reported a series 
of patients in which they showed that, following an 
intramuscular test dose of vitamin B,,, diabetics with 
retinopathy excreted significantly more vitamin than 
nondiabetic controls, while diabetics without retinopathy 
excreted considerably less than nondiabetic controls. 

It was postulated by the above investigators that dia- 
betics with retinopathy lacked a hypothetical tissue- 
binding factor for B,,, and consequently a higher 
urinary excretion of the intramuscular test dose resulted. 
It was felt that a difference in renal threshold or clear- 
ance of vitamin B,, in the two diabetic groups was 
probably not an important factor, since it had been 
shown by Chow and others? that serum levels of vitamin 
B,,, in diabetics with retinopathy was significantly higher 
than in diabetics without retinopathy, a fact which is 
more compatible with a lack of a tissue-binding factor 
than with a reduced renal clearance. 

The next problem which naturally presented itself 
was a consideration that if differences in the excretion of 
B,, test doses between diabetics and nondiabetics were 
present, were there also differences in absorption of 
this vitamin? This report consists of a summary of B,» 
absorption studies in diabetics and normal controls. 


METHOD 


The procedure employed is essentially the one outlined 
by Schilling.* Two hours after the oral administration 





From the Wilmer Ophthalmological Institute and the Depart- 
ment of Biochemistry of the School of Hygiene and Public 
Health of the Johns Hopkins University and Hospital, Balti- 
more, Maryland. 

Presented in part at the meeting of Ophthalmic Biochemistry, 
Harvard University Faculty Club, Cambridge, Massachusetts, 
Feb. 12, 1956, and at the Meeting of the Wilmer Residents 


Association, April 4, 1957. 
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of 2 mcg. of Co®-labeled vitamin B,,* to the test 
subjects, one milligram (1,000 mcg.) of crystalline 
vitamin B,,+ in physiological saline solution was injected 
intramuscularly, and urine specimens were collected for 
twenty-four hours. Just prior to the test the patient was 
asked to void, and this specimen was discarded. An 
aliquot of each collection, equivalent to one-quarter of 
the urine collected, was evaporated in a beaker, contain- 
ing 50 mcg. of vitamin B,, as a carrier, and transferred 
to a previously graduated brown bottle (50 ml.-Merck). 
The radioactivity of the concentrate was measured with 
a scintillation counter, using a thallium-activated sodium 
iodide crystal. The radioactivity measured in this manner 
was corrected to the total volume of urine, and com- 
puted as a per cent of the oral dose excreted. The 
activity of the 2 mcg. dose measured in this manner 
was about 25,000 c.p.m. Only patients were included 
in this study who had not received any therapeutic 
vitamins or medications containing vitamins for a period 
of not less than one month. 

Intrinsic Factor Used In This Study. 

Ten out of the forty subjects, studied by the above 
method, were given a second urinary excretion test 
one month after the first one. At the time of the second 
test they received 2 mcg. of labeled vitamin B,, together 
with 50 mg. of an intrinsic factor concentratet orally.‘ 
Diabetic Patients. 

Forty subjects were studied. There were sixteen males 
and twenty-four females. Their ages ranged from four- 
teen to eighty-six. All subjects had been diagnosed as 
diabetics in the Diabetic Clinic of the Johns Hopkins 
Hospital. Twenty-nine of these patients were on insulin 
therapy, and eleven appeared controlled on diet alone. 





* Kindly supplied to us by Merck and Company with specific 
activity of 180 microcuries per mg. 

+ Supplied by Merck and Company. 

tFifty mg. of this material together with 15 mcg. of 
crystalline vitamin B,, constitute one U.S.P. unit. Kindly sup- 
plied by Lederle Laboratories, Division American Cyanamid 
Company, New York. 
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Diabetics without retinopathy (eighteen) were classified 


as such, after no retinal lesions whatsoever could be 


seen with the giant ophthalmoscope after mydriasis. 
Diabetics with retinopathy (twenty-two) were classified 
so after one or more capillary aneurysms, hemorrhages 
or waxy exudates were seen. 
Controls: (forty) nondiabetic subjects whose ages 
ranged from nineteen to eighty-five with a mean age 
of forty-nine reported elsewhere® served as controls. 
Fecal Excretion 

Nine nondiabetic controls and five diabetics without 
retinopathy were given an oral test dose of 1,000 
mmcgm. of radioactive vitamin B,,. A five-day fecal 
collection was obtained, and the radioactivity of the 
total sample was determined. 


RESULTS 


In table 1 the individual urinary excretion data for 
the two diabetic groups are tabulated. A summary of the 
statistical analyses is given in table 2 and a graphic 
representation of data in figure 1. The results in table 
2 indicate that, after an oral test dose of vitamin B,,, 
diabetics without retinopathy excreted significantly less 
than diabetics with retinopathy. Furthermore, it is evi- 
dent that diabetics with retinopathy, as a group, excrete 
essentially the same amount as nondiabetic controls. 


TABLE 1 


Urinary excretion of orally administered radioactive vitamin 
B,, per 24 hours 








Diabetics Diabetics 
with without 
Retinopathy Retinopathy 
(22) (18) 
per cent of per cent of 
radioactivity radioactivity 
Initials excreted Initials excreted 

E.S. 10.7 G.H. 4.6 
C.C. 9.5 PS. 5.5 
F.E. 5.4 E.W. 3.7 
M.C. 22.2 E.Sh. 5.2 
B.W. 6.3 J.G. 6.3 
M.M. 7.9 zB, 21.4 
M.Mc. 11.7 E.A. 5.4 
P.M. 6.7 L.G. 7.4 
F.G. 8.3 E.Sw. 8.9 
E.C. 13.9 J.J. 7.0 
P.R. 5 E.Ha. 7.8 
E.B. 13.6 B.Wa. 2.8 
M.Ma. 13.7 M.W. 10.7 
| Oe 7.8 S.D. 5.1 
B.L. 8.8 E.Ba. aa 
E.H. 19.5 SZ. 3.8 
B.A. 10.2 B.I. 4.7 
E.He. 10.8 De. 3.6 
H.O. 9.3 

C.J. 16.0 

F.Go. 12.3 

AP. 9.1 
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TABLE 2 
Percentage of orally administered radioactive vitamin B,, 
excretion in twenty-four hours 








Diabetics Diabetics 


without with Nondiabetic 
Retinopathy Retinopathy  Controls*® 
Mean per cent 
radioactivity 6.64+0.99 10.86+0.92 10.80+0.68 
excreted in 
urine 
Number subjects 18 22, 40 
S.D. 4.19 4,32 4.78 
Mean age 48 54 49 
p — 0.04 





*See reference 5. 
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pathy. Lower line represents mean for patients without 
retinopathy. 


TABLE 3 
Fecal excretion test for vitamin B,, absorption after the oral 
administration of 1,000 mmcgm. of radioactive vitamin B,, 











Diabetics 
Nondiabetic without 
controls Retinopathy 
RW 179 mmcgm. NS 578 mmcgm. 
DS 306 
AT 239 HH 644 
DG 99 
BC 318 HHu 292 
MT 179 
CC 300 CI 417 
Ts 106 
BF 114 ES 879 
Mean and S.E. 204.4+29.9 462.0-+58.0 
S.D. 87.7 129.9 


n 


p< 0.01 


In table 3 are tabulated the individual data obtained 
in fecal excretion studies after a single oral test dose. 
The average excretion of the diabetic group is approx- 
imately 46 per cent of the oral test dose, while the 
nondiabetics excreted approximately 20 per cent of the 
test dose. 
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ABSORPTION AND EXCRETION OF RADIOACTIVE VITAMIN B,, IN DIABETES 


Table 4 represents the individual data of urinary 
excretion tests before and after the oral administration 
of intrinsic factor concentrate. No significant difference 
was found in this particular series. 


TABLE 4 


Percentage of radioactive vitamin B,, excretion in ten 
diabetics before and after intrinsic factor administration*® 











Initials Before After Per cent change 

G.H. 4.6 6.7 2.1 

P.S. 5.5 3.5 —2.0 

E.S.7 10.7 9.6 —1.1 

E.W. 3.7 6.2 2.5 

P.R.+ 5.7 10.0 4.3 

E.Sw. 8.9 4.1 —4.8 

JJ. 7.0 10.1 3.1 

E. A. 5.4 5.3 —0.1 

A.Pt 9.1 10.1 1.0 

S.D. 5.1 6.3 1.2 

Mean and S.E. +0.62+0.85 

S.D.+2.70 
p< 0.50 





*50 mem. of intrinsic factor concentrate. 
Retinopathy present. 


DISCUSSION 


The excretion test described by Schilling* was first 
employed in patients with pernicious anemia, and was 
found to be a reliable index of relative, though not 
absolute, gastrointestinal absorption of vitamin B,, 
Nevertheless, it is worthy of emphasis that this procedure 
does not merely test the absorption of the vitamin, but 
is dependent also on retention, metabolism and urinary 
excretion of the vitamin. This is a basic reservation 
which has to be kept in mind in all studies, using 
orally administered substances which are metabolized 
in the body. 

Figure 1 reveals a considerable overlap of the excre- 
tion data between the two diabetic groups. This, how- 
ever, is not surprising in view of the insidious onset 
and frequent remissions encountered in diabetic retino- 
pathy. 

A case of unusual interest is patient C. J. (table 1) 
who was referred to us through the courtesy of Dr. 
Frank B. Walsh. This patient was a juvenile diabetic 
with severe bilateral diabetic retinopathy. He was given 
an oral test dose, and his percentage of urinary excretion 
was 16.0 per cent which is higher than the average for 
nondiabetics. A week later the patient underwent 
hypophysectomy for his diabetic retinopathy. Two 
months postoperatively the patient was doing generally 
well, and his ocular status showed definite improvement. 
The urinary excretion test was repeated, and this time 
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revealed a decrease to 9.2 per cent excretion of the 
oral dose. 

As was pointed out at the beginning of this paper 
Becker and others! found that, following an /ntra- 
muscular test dose of B,, diabetics with retinopathy 
excreted significantly more than normal controls, while 
diabetics without retinopathy excreted significantly less 
than normal controls. On the other hand, as can be 
seen from table 1, after an oral test dose diabetics with- 
out retinopathy also excrete less than normals, but dia- 
betics with retinopathy excrete essentially the same as 
do normal controls. How can these findings be recon- 
ciled? One plausible explanation is that both the dia- 
betics with and without retinopathy absorb less B,, 
from their gastrointestinal tracts than do normals, and 
that the nonretinopaths are able to hold on to some B,,, 
while the retinopaths, lacking a tissue-binding factor, 
cannot do likewise, and thus their urinary excretion after 
an oral test dose is essentially the same as that of 
normals. The fecal excretion studies (table 3) lent 
some support to the view of a reduced absorption of a 
B,, test dose in diabetics. 

Another factor which deserves emphasis is the fact 
that in this study we are dealing with B,, test doses 
the absorption of which may not necessarily reflect ac- 
curately the absorption of the daily dietary intake of 
vitamin B,, in these patients. 

The intrinsic factor study is too preliminary to warrant 
any conclusions; a much larger series is needed to 
evaluate the effect of intrinsic factor in diabetics. 

Lastly, it is becoming increasingly apparent that 
reduced absorption of daily dietary B,,, if such there is, 
may not merely be contributory to some of the compli- 
cations of long-standing diabetics, but is more probably 
itself a consequence of the abnormal metabolic state 
which we call diabetes. 

Recently Bookman and others® have reported a series 
of diabetic patients in whom urinary excretion studies 
were performed after an intramuscular test dose of 
vitamin B,.. They conclude that their results do not 
confirm Becker's! original observations. If one scrutin- 
izes their data carefully, one finds that under “results” 
they state that “. . . no P values of less than 0.1 were 
found, indicating a total lack of significance . . .” If 
one, however, recalculates their P values by the student 
t test on the basis of their figures in table 1, one arrives 
at a value of P—o.05 for the diabetics with and 
without retinopathy under “‘lactobacillus” and a value of 
P<o.1 for the similar group under ‘‘ochromonas,” both 
P values being definitely smaller than 0.1. Bookman’s 
statistical analyses therefore are open to some questions. 
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SUMMARY AND CONCLUSIONS 


1. Forty diabetic patients were tested with an oral 
radioactive vitamin B,, test dose, and the urinary excre- 
tion was determined. It was found that diabetics without 
retinopathy excreted on the average a_ significantly 
smaller amount of the test dose than did nondiabetic 
controls, whereas diabetics with retinopathy excreted the 
same amount as the controls. Some overlap between the 
excretion data of the two diabetic groups was found. 

2. An interpretation of these findings in light of pre- 
vious studies, using intramuscular vitamin B,, test doses, 
is presented, 

3. Fecal excretion studies in six diabetics without 
retinopathy revealed a significantly higher fecal excretion 
of an oral test dose when compared with nondiabetic 
controls. 

4. Assuming that the oral tolerance test employed in 
this study does not measure absolute absorption, the 
data suggest a relative impairment of absorption of 
vitamin B,, test doses in diabetics. 

5. Intrinsic factor concentrate had no significant effect 
on the absorption of oral test doses in a series of ten 
diabetics. 

6. The results provide further support for the view 
that vitamin B,, is metabolized differently in diabetic 
and nondiabetic subjects. Only further studies will show 
whether a relatively reduced absorption of vitamin B,, 
is contributory to some of the complication of long- 
standing diabetes, or if it is a consequence of the de- 
ranged metabolic conditions which exist in diabetic 
patients. 


SUMMARIO IN INTERLINGUA 


Absorption e Excretion de Radioactive Vitamina B,, in 
Diabeticos Con e Sin Retinopathia 

1. Quaranta patientes diabetic esseva testate con un oral 
dose experimental de radioactive vitamina B,,, € le ex- 
cretion urinari esseva determinate. Esseva trovate que le 
excretion medie del vitamina constitueva significative- 
mente plus parve procentages del dose experimental in 
le diabeticos sin retinopathia que in nondiabetic subjectos 
de controlo. Diabeticos con retinopathia excerneva le 
mesme quantitates como le subjectos de controlo. Le 
datos del excretion in le duo gruppos diabetic monstrava 
un certe area de coincidentia. 

2. Es presentate un interpretation de iste constatationes 
in le lumine de previe studios con doses experimental de 


vitamina B,, intramuscular. 

3. Studios del excretion fecal de vitamina B,, oral in 
sex diabeticos sin retinopathia revelava signficativemente 
plus alte procentages del dose experimental que in non- 
diabetic subjectos de controlo. 

4. Si nos admitte que le test de tolerantia oral que 
esseva usate in le presente studio non effectua un mesu- 
ration del absorption absolute le datos indica in omne 
caso un defecto relative del absorption de vitamina B,, 
administrate in doses experimental a patientes diabetic. 

5. Concentrato de factor intrinsec habeva nulle effecto 
significative super le absorption de oral doses experi- 
mental de vitamina B,, in dece diabeticos. 

6. Le resultatos apporta supporto additional pro le 
vista que vitamina B,, es metabolisate differentemente 
in diabeticos e in subjectos nondiabetic. Studios addi- 
tional es requirite pro determinar si un relative reduc- 
tion del absorption de vitamina B,, es un factor con- 
tributori in le causation de certes del complicationes de 
diabete de longe durantia o si illo es un consequentia 
del disturbate conditiones metabolic que existe in pa- 
tientes diabetic. 
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A Comparison of the Effects of 
Tolbutamide and Insulin on Infused Pentoses 


A Study in Man 
S. Segal, M.D., T. F. Frawley, M.D., and J. Foley, Bethesda 


Insulin has been shown to facilitate the transport of 
sugars into muscle under a variety of experimental condi- 
tions. Since the original observation of Goldstein and 
collaborators! that insulin increased the volume of dis- 
tribution of D-xylose and L-arabinose in the eviscerate 
nephrectomized dog, several investigators have demon- 
strated that insulin increases intracellular pentose levels 
in the eviscerate rat, 2 * intact cat,# perfused rat heart 
and isolated rat diaphragm.® Such observations have re- 
sulted in the concept that the peripheral action of insulin, 
facilitating the transport of certain pentoses into muscle 
cells, reflects a similar peripheral action of insulin on 
glucose. 

The precise mode of action of the sulfonylurea com- 
pounds is not known. It has been suggested that they 
produce hypoglycemia by causing insulin release from the 
pancreas’ or inhibiting insulin degradation,§ thus increas- 
ing circulating insulin and enhancing peripheral utili- 
zation of glucose, or by altering hepatic glucose me- 
tabolism.®: 1° 11 Recently, it has been shown that the 
increase in peripheral utilization of glucose caused by 
exogenous insulin in man is paralleled by the increased 
disappearance from blood of the infused pentoses 
D-xylose and L-arabinose.!* Therefore, experiments were 
undertaken to study the effects of tolbutamide on these 
insulin responsive pentoses to ascertain the existence of 
any dissimilarities between the effect of insulin and 
tolbutamide which would more clearly define the mode 
of action of the sulfonylureas. 


METHODS 


All studies were performed in normal subjects rang- 
ing in age from eighteen to twenty-one years. Each 
individual was maintained on a high carbohydrate diet. 
Prior to each study the subjects were fasted for fourteen 
to eighteen hours. An in-dwelling plastic needle was 
employed in one arm as a means of providing frequent 
and reliable blood samples. The opposite arm was used 
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to administer all other materials required in a particular 
test. Twenty-gram quantities of pentose, as a 10 per cent 
solution, were infused intravenously. A blood sample was 
drawn at the end of the infusion and a period of twenty- 
five to thirty minutes was permitted to elapse, in order to 
insure adequate mixing of the sugar in the body fluids. 
At the end of this period blood samples were drawn at 
five- or ten-minute intervals for twenty-five to thirty 
minutes. At this time (fifty to sixty minutes after the end 
of the pentose infusion), when enough blood values had 
been obtained to establish a curve of the falling blood 
levels, 0.1 unit of crystalline insulin per kg. of body 
weight or sodium tolbutamide (25 to 40 mg. per kg. 
body weight) was injected intravenously. Blood speci- 
mens were drawn at five- to fifteen-minute intervals for 
another 90 to IIO minutes. 

D-xylose and L-arabinose were obtained from Pfan- 
stiehl Laboratories, Inc., Waukegan, Illinois. The sugars 
were prepared for intravenous use by autoclaving as a 
10 per cent solution, and were found to be sterile and 
pyrogen-free prior to use. Sodium tolbutamide (Orinase, 
sodium) was supplied as a sterile powder by the Upjohn 
Company. The material was put in solution with isotonic 
sodium chloride such that the final concentration was 
ro per cent. The material was injected intravenously 
over a two- to three-minute interval. 

Blood glucose was measured with glucose oxidase 
according to the method of Wyngaarden, Segal and 
Foley; blood pyruvate by the Friedemann-Haugen 
method.'* Plasma phosphate was determined by the 
Fiske and Subba Row method.!® Plasma levels of sodium 
tolbutamide were measured, using the method of Miller 
and co-workers.1® Blood pentose values were determined 
by the orcinol technic, using blood filtrates in which glu- 
cose had been destroyed by treatment with glucose 
oxidase.18 


RESULTS 
The rapid, single administration of sodium tolbutamide 


(20 to 40 mg. per kg. body weight) intravenously in 
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normal subjects produced a reduction in blood glucose 
which appeared promptly and which was maximal in 
thirty to forty minutes. The degree of hypoglycemia 
ranged from 40 to 60 per cent and corresponds to the 
hypoglycemia produced by 0.1 unit per kg. body weight 
of intravenous insulin. Once the intravenous dosage of 
sodium tolbutamide was determined which produced a 
40 per cent or greater lowering of the blood glucose in 
thirty minutes, this amount was used in all subsequent 
studies in the particular individual concerned. The proper 
dosage must be determined individually. 

Figure 1 demonstrates the effect of sodium tolbutamide 
and insulin on the disappearance of 20 gm. of infused D- 
xylose from the blood of a normal subject. As has been 
described,’ when 0.1 U/kg. insulin is given intraven- 
ously, there is a phase of enhanced disappearance which 
appears promptly and lasts about thirty minutes. At that 
time the disappearance slows, and a curve with a rate 
constant similar to the one in the initial phase is estab- 
lished. In the post-insulin phase the disappearance is 
enhanced three times and the xylose level thirty minutes 
after insulin is 40 per cent lower than that expected from 
the original phase of disappearance. In contrast to this 
effect is that observed with 2.0 gm. of intravenous 
sodium tolbutamide. After administration of the latter 
only the slightest suggestion of an effect on pentose dis- 
appearance is observed. 

Figure 2 shows the effects of insulin on L-arabinose 
disappearance in another normal subject. As with 
D-xylose the disappearance is increased three-fold. This 
was compared with the effect of tolbutamide on L-ara- 
binose and D-xylose in the same subject. Tolbutamide is 
seen to increase L-arabinose disappearance not at all. The 
D-xylose curve is similarly essentially unaffected. 
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Figure 3 indicates that, although D-xylose responds 
to tolbutamide minimally, there was a definite fall in 
blood sugar of 45 per cent and a fall of phosphorus of 
32 per cent, both of which indicate that the tolbutamide 
was producing its characteristic hypoglycemic and hypo- 
phosphatemic effects. In addition a rise in blood pyruvic 
acid occurred following the period of hypoglycemia. 
Thus the marked metabolic effects of tolbutamide are 
not paralleled by the effect on the xylose disappearance 
curve. 

In order to determine whether a dose of insulin lower 
than o.1 U/kg. affects xylose blood levels the study 
shown in figure 4 was performed. In this study 0.05 
U/kg. was given intravenously, after the xylose dis- 
appearance curve had been established. Even with this 
small insulin dose the disappearance was enhanced three 
times but the degree of lowering of the blood level is 
only 26 per cent as compared to 40 per cent obtained 
in figure 1. 

DISCUSSION 
The studies with infused pentoses point to a major 


difference between the mode of action of insulin and 
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tolbutamide. Although both insulin and tolbutamide in 
the doses used cause comparable decreases in blood glu- 
cose within the same period of time after administration, 
only insulin causes appreciable changes in the rates of 
disappearance of the pentoses D-xylose and L-arabinose 
from blood. Should the effects of tolbutamide on blood 
glucose be associated with an increase in peripheral 
utilization of glucose resulting from an increase in cir- 
culating insulin or an enhanced activity of normally 
circulating amounts, one would expect to find an appre- 
ciable effect of tolbutamide on pentose disappearance. 
This is not the case. The results here suggest that 
tolbutamide does not cause hypoglycemia primarily by 
enhancing the peripheral utilization of glucose due to 
hyperinsulinism. 

Other differences between tolbutamide and insulin 
effects have been observed. Tolbutamide causes a delay 
in return of blood glucose to control levels! and a fall 
in blood pyruvic acid.17 18 In reported studies of the 
effect of tolbutamide on glucose A-V differences there 
was no increase in the A-V difference which is known to 
follow insulin administration.19 
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Effects of sulfonylureas on hepatic glucose metabolism 
have been noted.” These compounds have been shown 
to increase hepatic glycogen,?! inhibit hepatic glyco- 
genolysis!!; 2° and to impair the conversion of fructose 
and galactose to glucose.’ The lack of enhanced periph- 
eral insulin activity due to tolbutamide, as demonstrated 
by the pentose studies in man, as well as the effects on 
hepatic glucose metabolism have prompted us to propose 
that the hypoglycemic action of tolbutamide may be 
attributed to a marked enhancement of endogenous in- 
sulin action on the liver without a similar degree of 
effect on peripheral insulin activity. 


SUMMARY 


A comparison has been made of the effects of insulin 
and tolbutamide on the disappearance from blood of 
infused pentoses D-xylose and L-arabinose in man. In 
contrast to the enhanced disappearance due to insulin, 
little or no response was observed after tolbutamide. 
These results suggest that tolbutamide action is not 
associated primarily with an enhanced peripheral activity 
of insulin. 


SUMMARIO IN INTERLINGUA 


Comparation del Effectos de Tolbutamido e de Insulina 
Super Pentosas Infundite in Humanos 

Esseva studiate comparativemente le effectos de in- 
sulina e tolbutamido super le disparition ex le sanguine 
human de infusiones del pentosas D-xylosa e L-arabinosa. 
Per contrasto con le acceleration de lor disparition cau- 
sate per insulina, pauc o nulle responsa esseva observate 
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post administrationes de tolbutamido. Iste resultatos sug- 
gere que le action de tolbutamido non se associa primari- 
mente con un promotion del activitate peripheric de in- 


sulina. 
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Carbohydrate and the Heart 


The previous discussion of carbohydrate as the most 
efficient fuel for muscular exercise and of the muscle 
glycogen as an important emergency source of contrac- 
tile energy applies in even greater measure to cardiac 
muscle than it does to skeletal muscle. The latter can in 
some measure accommodate itself to a decreased supply 
of carbohydrate by decreasing its work. The heart cannot 
stop to rest. A temporary reduction in the supply of 
sugar to the normal heart (as in induced attacks of 
hypoglycemia) has little apparent effect on the organ, 
although a definite change in the electrocardiogram may 
be noted.1 The apparent lack of influence of hypogly- 
cemia on the heart may be due to the normally good gly- 
cogen stores to be found there. But in the heart which 
has been damaged by disease and in which the initial 
glycogen stores are poor, hypoglycemia may precipitate 
stenocardial symptoms with angina and even result in 
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death. This has been noted in diabetic? as well as in 
nondiabetic cardiac patients; both, it has also been ob- 
served, are likely to do better when the blood sugar is 
somewhat elevated, even above the normal range. High- 
carbohydrate therapy has been successfully used on this 
basis.% 





1 Soskin, Katz, and Frisch: Ann. Int. Med. 8:900, 1935. 

2 Soskin, Katz, Strouse, and Rubinfeld: A.M.A. Arch. Int. 
Med. 51:122, 1933. 

3 White: Heart Disease, Ed. 2, New York, The Macmillan 


Co., 1937, p. 285. 


From the book Modern Nutrition in Health and Di- 
sease edited by Michael G. Wohl, M.D., and Robert 
S. Goodhart, M.D. Philadelphia, Lea & Febiger, 1955, 
Chapter ‘The Role of Carbohydrates in the Diet” by 
Samuel Soskin, M.D., and R. Levine, M.D., p. 154. 
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Urine Glucose Testing by Glucose Oxidase Methods 


A Critical Evaluation 


Victor Jablokow, M.D., Merrill Hutchins, Sc.B., and Edwin M. Knights, Jr., M.D. 
Detroit 


Highly sensitive enzymatic preparations for the deter- 
mination of glucose in urine, although introduced only 
recently, have found wide acceptance by the medical pro- 
fession in the clinical management of diabetic patients.1 
Utilizing the enzyme glucose oxidase combined with 
indicators, these new tests have the advantages of speci- 
ficity for beta-glucose, rapidity of results, and simplicity 
of operation. There is need, however, for more critical 
evaluation of their interpretations. 

Two commercially available products were studied in 
this investigation: Clinistix (Ames Company, Inc.) and 
Tes-Tape (Eli Lilly and Company). While fundamen- 
tally similar to Clinistix, the Tes-Tape uses a yellow- 
green color range to provide quantitative interpretations, 
while Clinistix turns blue with glucose concentrations as 
little as 0.01 to 0.1 per cent. The object was to ascertain 
the qualitative accuracy of both products and to appraise 
the quantitative value of Tes-Tape. 


PROCEDURE 


Aqueous glucose dilutions were prepared in the man- 
ner described in table 1 and then added to urines from 
nondiabetic patients (table 2) to provide a range of 
urine samples from negative through 5 per cent glucose. 
The urines used had first been found negative for glucose 
with Clinistix, Tes-Tape, and Clinitest. 

A total of thirty-six urine samples were tested, each 
with ten dilutions, by thirty-six persons. These individ- 
uals, laboratory technologists, interns, and residents, each 
performed tests on three unknown urine specimens with 
ten coded dilutions. Readings were timed with a stop 
watch and read with Tes-Tape precisely one minute after 
immersion. All urines were then tested with Clinistix and 
again read at the end of one minute. 


RESULTS 


Results of this investigation are summarized in table 3. 
A total of 1,080 tests were performed with Tes-Tape, 
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TABLE 1 
Method of making dilutions 





A 50 per cent glucose solution was prepared by dissolv- 
ing 50 gm. of glucose in water and adjusting the volume to 
100 ml. From this stock solution, a series of aqueous glucose 
dilutions were prepared as follows: 





50% = 5 ml. 50% glucose solution +°0 ml. water 
40% = 4 ml. ” vd if +1 mi. ¥ 
80% = 8 ml. ” ‘4 ‘6 +2 ml. ” 
0% = 2. mm. “ 4 if +3 mi. 
Bo = ioe. ~ 4 if + 3.5 ml. ° 
10% = 1 ‘sal ” J 14 +4 mi. id 
a = 1 ml ” . ai +9 mi. a 
2.5% = 2.5 ml. 5% glucose solution + 2.5 ml. ” 
1 = 1 gal,” . ‘ +4 mi. ” 
0 =O am. ” sf . +5 mi. Z 


TABLE 2 








The final urine unknowns were then made by adding 0.4 
ml. of the aqueous glucose dilution to 3.6 ml. of urine as 
shown below: 


Per cent 
glucose 
in urine 
5 0.4 ml. of 50% glucose + 3.6 ml. urine 
4 0.4 ml. of 40 ” sf +36 ml. ” 
3 0.4 ml. of 30 ” if +36 ml. ” 
2 0.4 ml. of 20 ” " +36ml, ” 
14 0.4 ml. of 15 ” “f + 386ml. ” 
1 0.4 ml. of 10” “if + 3.6 ml. ” 
YY 0.4 ml. of 5” " +836 ml, ” 
%  O4ml.of25” ” 44« 386m. ” 
1/10 0.4 mi. of 1” sd +36 ml. ” 
0 0.4 ml. of water + 3.6 ml. ” 
TABLE 3 


Tabulation of results 








Interpretations by examiners 


Actual Clini- 

glucose No.of Per cent glucose with TesTape _ stix 
concentrations tests 0 0.1 0.25 0.50 2.0 Neg. Pos. 
5.0 percent 108 1 1 33 = 41 32 0 96 
4.0 xs 108 0 4 32 46 2 0 90 
3.0 3 108 0 2 $39 44 0 87 
2.0 4 108 0 ¥ ( 33 48 20 0 84 
15 sf 108 0 6 34 48 20 0 78 
1.0 108 0 8 47 89 14 0 87 
0.5 if 108 0 20 66 #19 3 0 72 
0.25 wf 108 a 92. 83 1 1 0 84 
0.1 108 10 93 3 1 a 5 Or 
0 Y 108 105 2 1 0 0 90 0 
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plus an additional 860 with Clinistix. From a qualitative 
standpoint, i.e., positive or negative for glucose, both 
tests showed a high degree of accuracy. 

Quantitatively, Tes-Tape proved accurate in the lower 
ranges of glucose concentration (o per cent to 0.1 per 
cent), but stronger concentrations of glucose were con- 
sistently underevaluated. Even when glucose dilutions 
of 5 per cent were tested, only thirty-two of the one 
hundred eight specimens were read as ‘‘4 plus.” 


DISCUSSION 


While enzyme reactions are the basis of many tests 
used in clinical medicine, the fickleness of these pro- 
cedures is well known to the clinical chemist and path- 
ologist. These procedures are of considerable value in 
that they do not appear to be affected by other sugars and 
reducing substances which hamper the usual glucose tests, 
but as enzyme reactions they are subject to many variable 
factors. These tests undoubtedly have an optional pH 
and temperature, and may be accelerated by some organic 
and inorganic substances present in urine and inhibited 
by others. Heat, light, and humidity are all of importance. 
To obtain quantitative results from these reactions they 
must be rigorously controlled; such controlled conditions 
have not been advocated for these urine glucose tests. 
As a result, attempts to quantitate these procedures are 
likely to fail to provide an acceptable degree of accuracy. 

Such a situation appears to exist with the product, 
Tes-Tape. It is obvious that in clinically significant ranges 
of glucosuria there is considerable inaccuracy, and that 
such inaccuracy may easily have dire consequences in the 
poorly controlled diabetic on the verge of acidosis. On 
the other hand, the extreme sensitivity of both of these 
tests to minute concentrations of glucose in the urine 
must be made very clear to the patient lest he overdose 
himself into insulin shock. 

We feel that these preparations do have considerable 
value as qualitative tests for glucose. One of these 


products has been used in the urinalysis laboratory of 
Harper Hospital as a screening test for a period of six 
months with encouraging results. All positive results are 
then checked with one of the accepted quantitative 
methods. This technic has proved rapid, efficient, and . 
inexpensive. 


CONCLUSION 


A survey in which thirty-six physicians and technol- 
ogists interpreted 360 glucose dilutions in urine disclosed 
that while Tes-Tape and Clinistix are qualitatively ac- 
curate, the former gives misleading quantitative results 
with glucose concentrations over 0.1 per cent. Higher 
concentrations of glucose were consistently underevalu- 
ated, a situation which could prove dangerous in the 
poorly controlled diabetic. Both products appear to be 
useful as screening procedures in the clinical laboratory. 


SUMMARIO IN INTERLINGUA 


Tests de Glucosa Urinari per Methodos a Oxydase de 
Glucosa: Un Evalutation Critic 

Trenta-sex medicos e technologos participava in iste 
studio per interpretar 360 dilutiones urinari de glucosa, 
demonstrante que Tes-Tape e Clinistix es qualita- 
tivemente accurate sed que Tes-Tape produce erronee 
resultatos quantitative quando le concentrations de glu- 
cosa excede 0,1 pro cento. Plus alte concentrationes de 
glucosa esseva uniformemente subestimate, un facto que 
poterea devenir periculose in patientes de diabete non 
firmemente dominate. Ambe le mentionate productos 
pare esser de valor in le segregation preliminar de speci- 
mens in le laboratorio clinic. 


REFERENCES 
1 King, J. W., and Hainline, A.: Commercial glucose oxidase 


preparations for the detection of glucose in urine. Cleveland 
Clin. Quart. 23:212-15, July 1956. 





Pentoses 


In contrast to the hexoses, which are important energy 
materials, the 5-carbon atom sugars are much more im- 
portant as part of the machinery of the body. Pentoses 
are incorporated in at least one vitamin (riboflavin), 
several tissue coenzymes (diphosphopyridine nucleotide, 
tri-phosphopyridine nucleotide, alloxazine adenine di- 
nucleotide), and all the nucleoproteins. However, when 
pentoses as such are ingested, they are not utilized but are 
eliminated, more or less quantitatively, in the urine and 
feces. It is possible that the pentoses which are eaten in 
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combined form as part of natural food constituents (ribo- 
flavin and the nucleotides, for example) do contribute 
to the pentose content of the tissues. It is known that the 
body is able to synthesize pentoses for itself — from glu- 
cose by way of glycuronic acid. 

From the book Modern Nutrition in Health and Di- 
sease edited by Michael G. Wohl, M.D., and Robert 
S. Goodhart, M.D. Philadelphia, Lea & Febiger, 1955, 
Chapter ‘The Role of Carbohydrates in the Diet’ by 
Samuel Soskin, M.D., and R. Levine, M.D., p. 160. 
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The background of these experiments may be recalled 
as follows. In 1936, Long and Lukens! described the 
amelioration of pancreatic diabetes by adrenalectomy. In 
1938, Lukens and Dohan? increased the glycosuria of 
such doubly operated animals by large doses of adrenal 
cortical extract. In 1941, Ingle* described temporary 
diabetes in rats treated with corticotrophin or cortisone. 
In 1954, Abelove and Paschkis* compared the diabeto- 
genic action of growth hormone and cortisone in differ- 
ent species and reviewed the bibliography, and Ingle® 
has reviewed the subject of steroid diabetes. The essence 
of these reports is that cortisone causes diabetes in rats? 
but is practically ineffective in dogs and cats. When 
9%-fluorohydrocortisone became available we tried it in 
nine intact cats and found in these preliminary ex- 
periments that this more potent synthetic steroid had 
a diabetogenic action in this species. 


METHODS 


9%-fluorohydrocortisone was kindly supplied by Merck 
and Co. and E. R. Squibb & Sons as a microcrystalline 
suspension. The usual dose of 5 or ro mg. daily given 
subcutaneously was an arbitrarily chosen large quantity. 
Such doses are enormous amounts when compared to 
the 0.2 mg. which supports a human subject with ad- 
renal insufficiency. When glycosuria had been well estab- 
lished for three to four weeks, it could be maintained 
on a lower dose of steroid. The animals were kept in 
metabolism cages and the daily urine volume was 
collected. The first appearance of glycosuria was deter- 
mined by the glucose oxidase test paper (Tes-Tape- 
Lilly or Clinistix-Ames), and of urinary ketone bodies 
by the nitroprusside test. When glycosuria was present, 
the amount excreted per day was determined by Bene- 
dict’s* method. Blood glucose was determined by So- 
mogyi’s? method on o.1 ml. of blood obtained from 
the ear. The cats were fed weighed amounts of fresh 
(frozen) horse meat daily. Uneaten food was removed 
and weighed. Biopsies and intravenous glucose tolerance 
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tests were performed under pentobarbital anesthesia. For 
the glucose tolerance tests, 0.5 gm. of glucose per kg. 
was given intravenously and blood sugars were taken at 
the times recorded. 


RESULTS 


Table 1 shows that of nine cats treated with 5 or 
10 mg. of fluorohydrocortisone daily, seven developed 
glycosuria, after five to twenty-seven days of treatment. 
The occasional delay in the appearance of glycosuria was 
also noted when some of the later courses of fluoro- 
hydrocortisone were given to cats 38 and 63. Of the 
cats listed in table 1, three died of diarrhea and pneu- 
monia. In the others, the glycosuria ceased one to five 
days after the termination of treatment and they were 
used for other experiments except for two which were 
given prolonged, repeated courses. 

Certain general effects of these large doses of fluoro- 
hydrocortisone should be mentioned. Within a day or two 
the appetite increased greatly. Two animals (38 and 
63) developed a diuresis as reported by Swingle et al.® 
in dogs given 3 mg. per kg. which is comparable to our 
ro mg. dose in 3 kg. cats. None of our animals de- 
veloped gross edema. 

After two to three weeks of treatment with either 
dose the abdomen became enlarged and at operation 
or autopsy contained enormous fat deposits. The limbs 
became thin and the animals slightly weak, although 
they behaved like well animals. The skin became so thin 











TABLE 1 
Effect of 9«-fluorohydrocortisone (FIF) in normal cats 
FIF Glycosuria 
; eriod lood sugar 
= —— as appeared on day a. / 100 mal, 

6 5 31 No — — 

6 10 ll No —_— — 

a 10 35 Yes 5 159-180 
14 5-10 43 Yes 27 180-210 
87 5-10 57 Yes ¥ f 128-190 
43 5 8 No — — 

51 5-10 18 Yes 6 105-147 
64 5 10 Yes 6 —_— 
38 5 89° Yes 5 —_— 
63 5-10 40° Yes 14 170-191 





*First course of treatment only—see text. 
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that one could not feel its resistance when giving a 
hypodermic. In four animals we confirmed the occurrence 
of atrophy of the adrenals described by others after 
this steroid. Like others’ we have noticed an increased 
susceptibility to intercurrent infections in animals so 
treated. 

Along with these general manifestations resembling 
Cushing’s syndrome, glycosuria developed, with 1 to 2 
gm. of glucose excreted daily. The fasting blood sugar 
was elevated little or none. The delay of one to two 
weeks in the development of hyperglycemia after the 
appearance of sugar in the urine is attributed to the 
slight effect of corticoids on the renal threshold for 
glucose.® Gradually the glycosuria increased in amount 
and the blood sugar levels rose to 200 mg. per 100 
roo ml. or more. 

The two animals treated with long and repeated 
courses of steroid will be presented in more detail. Dur- 
ing the first treatment period of eighty-nine days, Cat 
38 ate ravenously. When this course of steroid was ter- 
minated, the appetite fell remarkably. A week after the 
cessation of steroid, Cat 38 went for five days without 
eating at all, although it was lively and well. This 
behavior followed the termination of later courses of 
steroid. 

Figure 1a is from a pancreatic biopsy of Cat 38 taken 
at the end of the first eighty-nine day course of steroid. It 
shows that at the end of almost three months of 
glycosuria and hyperglycemia (140-272 mg./100 ml.) 
the animal had developed severe hydropic degeneration 
of the 8-cells. Six weeks later, when the cessation of 
steroid and the reduced food intake had led to the 
disappearance of glycosuria, the islands appeared nor- 
mal (figure 1b). The development of hydropic de- 
generation and the subsequent anatomical and functional 
recovery after the removal of the diabetogenic stress, 
follow the course of events previously described in this 
species. In the past, the hyperglycemia caused by partial 
pancreatectomy,!° growth hormone,!! and massive doses 
of glucose!” have been associated with the production of 
similar lesions and with their reversibility when treat- 
ment with insulin, diet or phlorhizin was begun early 
enough. In the present experiments, the production of 
glycosuria and hyperglycemia by a steroid was also ac- 
companied by §8-cell degeneration. 

In addition to the first course of treatment and first 
rest period described above, two cats received numerous 
irregular courses of steroids for the purpose of testing the 
diabetogenic activity of other steroids and to observe the 
results of repeated bouts of this form of temporary 
diabetes. Table 2 summarizes the events in these animals. 
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A. Cat 38. Island of Langerhans showing marked hy- 
dropic degeneration at the end of the first course 
of treatment with fluorohydrocortisone (x 290). 

B. Islet of same animal six weeks after the cessation 
of steroid treatment. The recovery from diabetes 
was accompanied by the return of the islands to 
normal appearance (x 290). 





It shows that in Cat 38 there were 253 days of steroid 
administration and 335 days of rest periods in the course 
of almost twenty months. Cortisone and hydrocortisone 
were unable, but prednisone was able to cause glycosuria 
in the doses employed. In the last treatment period, a 
small dose (1.2 mg. daily) of fluorohydrocortisone was 
used as a form of tolerance test. This amount has not 
caused glycosuria in normal animals. The fact that it 
caused glycosuria at the end of these repeated bouts of 
steroid treatment led us to assume that some permanent 
reduction of the pancreatic reserve had taken place 
during the preceding treatment. The courses of treatment 
with fluorohydrocortisone in Cat 63 were likewise fol- 
lowed by susceptibility to the small test dose of 1.2 
mg. daily of fluorohydrocortisone. 

In general, the weight of these animals was constant 
during the periods of steroid treatment, increased 
slightly after stopping the drugs and then stabilized. 
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TABLE 2 
Animals given repeated courses of steroids 
Treatment : Rest Glycosuria 
period Steroid et a. Glycosuria period disappeared 
days ——e days ays 
Cat 38 

89 Fluorohydrocortisone 4.2 Yes 56 15 
18 6g 2.5 Yes 31 3 
8 Hydrocortisone 5.0 No 1 — 
9 Fluorohydrocortisone 2.5 Yes 20 2; 
9 Cortisone 50.0 No 30 _ 
22 Prednisone 50.0 Yes 56 27 
51 Fluorohydrocortisone 4.0 Yes 16 13 
37 sé 4.0 Yes 115 34 
10 sd 1.2 Yes 10 8 

253 Total period days 335 

Cat 63 

40 Fluorohydrocortisone 8.5 Yes 46 5 
87 44 8.0 Yes 29 29 
22, “f 2.5 Yes 118 40 
12 of 1.2 Yes 8 2, 

161 < Total period days > 201 


Body weight was fairly constant during treatment with 
fluorohydrocortisone, when food intake was large. 
Fat depots became enormous and muscle wasting oc- 
curred. This situation suggests that this steroid causes 
changes in the utilization of the diet so that protein 
is wasted and fat is spared. In addition, there were 
times when the glycosuria reached amounts which would 
cause slight loss of weight. 

During the next to last rest periods of Cats 38 and 
63 which are shown in table 2 (115 and 118 days 
respectively), but after the disappearance of the last 
post-treatment period of glycosuria (thirty-four and 
forty days respectively), the glucose tolerance tests which 
are summarized in table 3 were performed. The slight 
delay in the return to normal of the blood sugar level 
in these animals subjected to long-term treatment with 
fluorohydrocortisone is regarded as borderline, or sug- 
gestive evidence of the incomplete recovery of these 
animals. 

Cats 38 and 63 were sacrificed (under Nembutal) 
after the last rest periods recorded respectively in table 
2. At this time they were in excellent condition. The 
findings in both animals were so similar that a common 
description will suffice. Grossly, there were enormous 
abdominal, omental, and perirenal fat depots but aver- 
age amounts of subcutaneous fat. The pancreas was 
grossly normal except for the well-healed scar of 
previous biopsies at its tail. Pancreatic weights of 10 
and 7 gm. were in the normal range. In Cat 38, after 
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its first twenty-seven days on fluorohydrocortisone, one 
adrenal was removed at the first biopsy. This gland 
weighed 129 mg. and showed slight atrophy of the 
inner zones, At autopsy, the remaining adrenal had not 
only failed to undergo the usual hyperplasia, but weighed 
only 94 mg. In contrast, the average weight of both 
adrenals in fifteen normal cats was 586 mg.!? In Cat 
63, both adrenals weighed 149 mg., again illustrating 
the marked atrophy produced by this steroid. In both 
animals the bone of the skull was thin and soft, indi- 
cating gross osteoporosis. At biopsy during steroid treat- 
ment, even more than at autopsy, the skin was about 
one-fourth the thickness of a comparable normal area. 
On microscopic section, the adrenals showed marked 
atrophy of the inner zones. In both cats there was 
a collagenous zone about the medulla which suggested 
that the type or severity of the atrophy from fluoro- 
hydrocortisone differed from that seen after hypophys- 
ectomy or shorter courses of steroid. In the pancreas the 
acinar tissue, ducts, and vessels were normal. The islands 
were reduced in number and size on survey of numerous 
sections. Except for occasional hydropic cells, the islets 
appeared normal in that the « and 8 cells were present 
in them. Some irregularity of shape, especially of the 
small islands, was noted. The paucity of islands and 
their smaller average size on examination of many fields 
is regarded as early or mild atrophy of the islands. 
The kidneys appeared normal, a finding which con- 
trasts with the changes described in rabbits treated with 
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TABLE 3 


Glucose tolerance tests on two _ steroid-treated cats 
(0.5 gm. glucose per kg. intravenously ) 








Blood glucose at hours: 
Cat No. 0 Y 1 2 3 4 
mg. per 100 ml. 
63 (N=3) 84 241 216 184 140 110 
88 (N=2) 130 223 201 172 149 127 


Normal cats 





(N=7) 

Mean 95 232 195 147 107 88 
S.E.M. +5 +10 +12 +14 +9 +6 
N = Number of tests. 


cortisone.'®6 The heart, coronary vessels, liver, pituitary 
and thyroid all appeared normal. The skin, especially 
at earlier biopsies, showed atrophy of the dermis and of 
the inner layers of the epidermis. 


DISCUSSION 


Incidence of glycosuria. One animal required twenty- 
seven days of steroid treatment before the first ap- 
pearance of glycosuria and only one of the two animals, 
which failed to develop glycosuria, was treated for this 
long a time. Under such circumstances, the true inci- 
dence of glycosuria and the variety of individual re- 
sponse in normal cats require further study. In two dogs® 
comparable large doses of fluorohydrocortisone (3 mg. 
per kg. per day) failed to cause hyperglycemia in three 
to fourteen days. In view of our experience this trial 
may be too brief to be conclusively negative for a dia- 
betogenic effect in the dog. 

The development of hydropic degeneration of the 8- 
cells in response to the administration of a steroid hith- 
erto untested in this way may be viewed in relation 
to the following observations. (a) It seems probable 
that the mechanism by which hyperglycemia is produced 
by fluorohydrocortisone is the same as that exerted by 
cortisone except in the degree or intensity of the effect. 
(b) If this be so, much if not all of the initial metabolic 
disturbance is due to extrapancreatic effects of the steroid. 
This has been shown directly by the intense diabetogenic 
action of cortisone in hypophysectomized-depancreatized 
animals. (c) As recently outlined by Ingle,® the extra- 
pancreatic effects include some increase in gluconeo- 
genesis and strong indirect evidence for some inhibition 
of the utilization of glucose. (d) If the extrapancreatic 
effects leading to glycosuria and hyperglycemia are the 
same in the rat and cat, one may note the striking dif- 
ferences between these two species in the response of 
the islands of Langerhans to a common stress. Ingle® 
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has described the temporary diabetes, the evidence of 
hypertrophy of the islands and the virtual absence of 
hydropic degeneration in the rat. In cats, we have ob- 
served the development of hydropic degeneration of the 
islands after an appropriate period of diabetes. The 
recognition of such variations in the behavior of the 
islands of different species is not new, but each new 
demonstration of this ought to make one more aware 
of the possible range of behavior of the islands in man. 
One report from this laboratory!* suggests that a variety 
of appearance and functional capacity of the islands may 
Occur in man. 

To date, hydropic degeneration of the islands in the 
cat has accompanied four procedures, namely, subtotal 
pancreatectomy,!® pituitary or growth hormone diabe- 
tes,1! diabetes produced by the administration of glu- 
cose,1? and steroid diabetes. One may assume (a) that 
in these experiments four separate damaging agents or 
procedures have been discovered, or (b) that these forms 
of diabetes with the same lesion are the result of some 
factor (or factors) which is common to all four pro- 
cedures. Either hypothesis will be best applied in de- 
signing further observations. 

In our opinion both animals which had prolonged 
steroid treatment were left with some impairment of 
the normal capacity to handle carbohydrate three to four 
months after the cessation of large doses of steroid. The 
slight deviation of the sugar tolerance tests, the develop- 
ment of glycosuria on 1.2 mg. per day of fluorohydro- 
cortisone, and the probable atrophy of the islands of 
Langerhans lead to this suggestion. 

The abnormalities resembling those of Cushing’s syn- 
drome are obviously not the rule in human diabetes. 
However, the need for prolonged steroid treatment, the 
slow development of hyperglycemia, the remarkable in- 
fluence of fluorohydrocortisone on appetite, the obesity, 
and finally the mild form of the diabetes, may be of 
interest to students of the disease in man. 


SUMMARY 


By means of large doses of fluorohydrocortisone, gly- 
cosuria and hyperglycemia have been produced in seven 
of nine cats, a species resistant to those steroids hitherto 
tested. The islands of Langerhans responded with 
hydropic degeneration as in other forms of experimental 
diabetes in cats. In the only two animals in which pro- 
longed treatment was given, the island lesions progressed 
to early atrophy and residual impairment of carbohydrate 
metabolism was demonstrable. The physiological impli- 
cations of a new means of producing islet injury are 
briefly discussed. 
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STEROID DIABETES IN THE CAT 


SUMMARIO IN INTERLINGUA 


Diabete Steroide in Cattos 

Per medio de grande doses de fluorohydrocortisona, 
glycosuria e hyperglycemia esseva producite in septe ex 
nove cattos, ben que iste specie esseva resistente al 
steroides previemente essayate. Le insulas de Langerhans 
respondeva per degeneration hydropic, como illos lo face 
in altere formas de diabete experimental in cattos. Tracta- 
mento prolongate esseva applicate a solmente duo del 
animales. In illos, le lesiones del insulas progredeva a un 
atrophia rapide, defectos residue del metabolismo de 
hydrato de carbon esseva demonstrabile. Es presentate un 
breve discussion del signification physiologic de iste 
discoperta de un nove methodo de effectuar lesiones 
del insulas. 


DISCUSSION 


ARTHUR R. COLWELL, SR., M.D., (Chicago): This 
is a most interesting experimental demonstration. The 
biopsy findings are very convincing, and temporary dia- 
betes seems to have existed beyond question. I cannot 
help but wonder, however, about the conclusion that a 
mild permanent diabetes was produced. This is prob- 
ably a matter of definition, but steroids were still used 
late in the period of study, some weeks after the dis: 
continuance of the heavy dosage, and differences in the 
glucose tolerance tests were not striking. 

How much glycosuria remained after discontinuance 
of the large dosage of steroid compared with the amount 
present during the period of heavy dosage? 

ARNOLD LaAzARow, M.D., PH.D., (Minneapolis): 
How can you explain the differences in the diabetogenic 
potency of fluorohydrocortisone and cortisone? Is this 
due to the fact that you can administer larger doses 
of the fluorohydrocortisone without producing undesir- 
able side effects? 

JOHN Buse, M.D., (Philadelphia) : 1 agree with Dr. 
Colwell that it is a matter of definition whether these 
animals can be called permanently diabetic. Various 
months after the suspension of the therapeutic doses 
of fluorohydrocortisone the cats were aglucosuric and 
had normal fasting blood sugars. However, in addition 
to the evident histological lesions of the pancreas, a mild 
functional impairment was demonstrated by the rapid 
appearance of glycosuria and hyperglycemia with one- 


tenth of the dose of fluorohydrocortisone that was neces- 
sary to provoke the same effects in normal cats. 

In reference to Dr. Lazarow’s question we have treated 
cats with subcutaneous injections of cortisone, hydro- 
cortisone and delta-1-cortisone, using large doses. We 
have not quantitated the difference in diabetogenic po- 
tency of these various steroids, but there is no doubt 
that milligram for milligram fluorohydrocortisone was 
much more potent than any of the aforementioned 
steroids, 
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Thrombophilia in Diabetes: 


Thrombelastographic Investigations 


P. Introzzi, M.D., and P. de Nicola, M.D., Pavia, Italy 


Clinical evidence supports the existence of a thrombo- 
philic tendency in diabetes. Experimental investigations 
have defined these alterations through analysis of the 
coagulation factors in diabetes, and with respect to its 
treatment. This was accomplished, so far, by studying the 
prothrombin time and whole blood-clotting time. Several 
data indicate the presence of a significant increase of 
prothrombin activity in diabetes, which is more pro- 
nounced in severe and unproperly treated cases. In 
a number of cases also a shortening of the whole blood- 
clotting time is produced.” * * § 

Recent observations have pointed out that a thrombo- 
philic tendency can be detected by means of thrombel- 
astography.*: # This technic consists in measuring the 
variations of the clot elasticity during its formation. 
The results obtained appear to be more closely correlated 
with the hemostatic function of the clot than the usual 
coagulation tests. This should be particularly true in the 
presence of hemorrhagic or thrombotic alterations. 

The thrombelastographic signs of a thrombophilic 
tendency are characterized by: a) a shortening of the 
reaction time (r); b) a shortening of the clot formation 
time (&); and c) an increase of the maximal amplitude 
(ma). 

The application of this method to the study of the 
thrombophilic tendency in diabetes made it possible 
to detect significant variations of the thrombelastographic 
patterns, as observed in thrombophilic diseases. No 
correlations could be detected between such findings and 
the other clinical data. 


MATERIAL AND METHODS 


1. Material. Forty-one consecutive diabetic patients 
were included in this study. They were grouped in 
connection with the following patterns: a) severity 
of the disease, according to the clinical data and the 
amount of insulin necessary for proper treatment; b) 
somatic type of the patient, by considering obese, normal 
and thin diabetics; c) presence of diabetic retinopathy; 
d) duration of the disease; e) duration of insulin treat- 
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ment; f) age of the patient. 

2. Thrombelastographic determinations. The throm- 
belastographic determinations, as described elsewhere,’ 
were carried out in oxalated plasma. The reaction time 
r, the clot formation time £, and the maximal amplitude 
ma were evaluated in all cases. 

3. Correlations between the clinical and thrombelasto- 
graphic data. The results obtained are presented in a 
group of graphs, by taking into consideration the clinical 
data, as indicated above, and by particularly correlating 
the thrombelastographic variations of the maximal ampli- 
tude with the age of the patients and the duration of the 
disease, when these data were available. 


RESULTS 


1. Reaction time (r) of the thrombelastogram. In 
normal cases the reaction time (r) of the thrombelasto- 
gram varies between 5 and 10 mm. corresponding to 
2.5-3.0 minutes. In the diabetic patients, a number of 
values were below the normal range or at the lower 
limit of the normal values (figure 1). 

2. Clot formation time (k). These values presented 
more marked modifications than the reaction time. Most 
of the values were grouped between 2 and 4 mm., with 
a maximum at 2 mm. The normal values vary between 
4 and 10 mm. No particular distribution of the values 
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- Reaction time (r) of the thrombelastogram in a group 
of diabetics, A number of values are below the normal 
range (between 5 and 10 mm.), or at the lower limit 
of the normal values. 
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THROMBOPHILIA IN DIABETES 


with respect to the severity of the cases (light, medium 
and severe diabetes), or the somatic type of the patients 
was to be found (figure 2). 
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FIG. 2. Reduction of the clot formation time (k) of the throm- 
belastogram (normal values: 4 to 10 mm.) in a group 
diabetics. No particular distribution of the values with 
respect to the severity of the cases, the somatic type 
of the patients and the presence of retinopathy. 


3. Maximal amplitude (ma). The most significant 
data have been obtained by analyzing the maximal ampli- 
tude of the thrombelastogram (ma). Normal values are 
included between 50 and 60 mm. In diabetic patients, 
almost all values were above 60 mm., some of them 
reaching 75 mm. and more. Maximum values have 
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been observed around 65 and 71 mm. No particular dis- 
tribution could be detected with respect to the clinical 
data considered (severity of the diabetes, somatic type 
of the patients, presence of retinopathy) (figure 3). 
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FIG. 3. Increase of the maximal amplitude (ma) of the throm- 

belastogram in a group of diabetics (normal values: 


50 to 60 mm.). No particular distribution with respect 
to the clinical data. 


4. Correlation between the increase of ma and the 
age of the patients. By comparing the ma-values with 
the age of the patients, it could be observed that the 
maximal increases of ma were detected practically at all 
ages. No correlation could be, therefore, evidenced, 
between these two data (figure 4). 

5. Correlation between the increase of ma and the 
duration of the disease. The same is also true for this 
kind of correlation, which could not be found, compar- 
ing the duration of the disease with the increase of ma 
(figure 4). 

DISCUSSION 

The pathogenesis of thrombophilic conditions can be 
related to a number of humoral, vascular and hemo- 
dynamic factors. The humoral factors include chiefly 
the increased activity of the coagulation factors. The 
diagnostic efforts for the clinical identification of such 
patterns were not always successful, insofar as several 
tests did not present the expected specificity. Some useful 
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FIG. 4. No correlations of the increase of ma, the age of the 
patient and the duration of the disease. 


hints were obtained by determining the whole blood- 
clotting time in silicone tubes, the factor VII activity, 
the prothrombin time in diluted plasma, etc. 

Thrombelastographic researches have shown, both ex- 
perimentally and clinically, that a large number of 
thrombophilic conditions can be detected by using this 
new technic.5 Typical thrombophilic patterns were ob- 
served by adding in vitro an excess of isolated, concen- 
trated platelets to a platelet-free plasma. Similar results 
were obtained through animal experiment by binding 
the femoral vein, and studying the thrombelastographic 
modification in the venous blood of the opposite limb. 
Clinically, the thrombelastographic alterations, assumed 
to be consistent with the presence of a thrombophilic 
condition, were detected in the majority of cases which 
are usually accompanied by this tendency, i.e., throm- 
bosis, thrombophlebitis, hypertension, etc.5 Also after 
administration of cortisone to normal subjects, typical 
thrombophilic patterns have been observed.® These re- 
sults coincide with the observations of thrombotic compli- 
cations in subjects treated with cortisone for therapeutic 
purposes, and are accompanied by thrombelastographic 
signs of thrombophilia. 

On the basis of these observations the results obtained 
in diabetic patients suggest the possibility of detecting 
a thrombophilic tendency in these patients also by means 
of thrombelastography. The most significant pattern 
for diagnostic purposes is represented by a reduction 
of the clot formation time and the increase of the maxi- 
mal amplitude. These alterations do not appear to be 
correlated with other clinical data of the diabetic 
disease, such as the age of the patient, the duration 
of the disease, the somatic type of the patient, the 
presence of retinopathy, and the severity of the disease. 

The connections of the thrombelastographic alterations 
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with the diabetes cannot be easily explained. Tentatively, 
it might be suggested that the balance between sympa- 
thetic and parasympathetic hormones could influence 
the tendency for an increased or decreased activity of 
coagulation factors. In fact, it is known that adrenalin 
may produce a tendency for hypercoagulability, while 
insulin is supposed to induce the opposite situation.® 
Such speculations ought to be confirmed by further ex- 
periments. There is sufficient evidence that the finding 
of a thrombophilic tendency by means of thrombelastog- 
raphy in diabetes might be of diagnostic importance. 
SUMMARY 

Thrombelastographic determinations have been carried 
out on a group of forty-one cases of diabetes. In the 
majority of these cases a reduction of the clot formation 
time and an increase of the maximal amplitude in the 
thrombelastogram have been found. No correlation 
could be established between these findings and the age 
and somatic type of the patient, the duration and severity 
of the disease and the presence of retinopathy. 

SUMMARIO IN INTERLINGUA 
Thrombo philia in Diabete 

Determinationes thrombelastographic esseva effectuate 
in quaranta-un patientes con diabete. In le majoritate de 
iste patientes, un reduction se notava in le tempore del 
formation del coagulo insimul con un augmentation del 
amplitude maximal in le thrombelastogramma. Nulle 
correlation poteva esser establite inter iste constatationes 
e le etate o le typo somatic del patiente, le duration e le 
grado de severitate del morbo, e le presentia o absentia 
de retinopathia. 
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The Concomitance of Diabetes Mellitus 
and Addison’s Disease 


Brief Review of the Literature and a Case Report 


B. H. Webster, M.D., and J. E. Hurt, M.D., Nashville, Tennessee 


The occurrence of diabetes mellitus and Addison's dis- 
ease in the same person is unusual. In a review of the 
literature, Stanton! in 1954 tabulated forty-six cases of 
the simultaneous occurrence of the two diseases; fifteen 
cases have been reported subsequently. These make a 
total of sixty-one cases reported in the literature, and they 
are summarized in table 1. 

Diabetes mellitus precedes the development of Addi- 
son’s disease in the majority of these combinations. 
Among the sixty-one patients, diabetes mellitus preceded 
adrenal insufficiency in forty-one instances; adrenal in- 
sufficiency appeared first in fifteen cases; and there was 
the simultaneous occurrence in only three individuals. 
The dual diagnosis was not made during life in five 
instances. Only twenty-eight of the cases were substan- 
tiated by autopsy. Twenty-six were living at the date 
reported. 

In the series of sixty-one cases, there were thirty-four 
males and twenty-seven females. The ages ranged from 
ten to seventy-six years with the greatest number, eigh- 
teen, being in the two decades twenty to thirty-nine. 

The duration of life following the dual diagnosis has 
been short in most cases. Nine lived less than one year; 
seven lived about one year; four lived two years; two 
survived three years; one, five years, and one lived eight 
years. The remainder were not determined except one 
was reported living after eight years, and one after 
twelve years." 

Among the twenty-eight cases with post-mortem re- 
ports, the pancreas was found to present either fibrosis, 
atrophy, hyalinization, or fatty infiltration. Table 2 sum- 
marizes the pathology of the adrenal glands in this series. 
In this group, twenty-one represented atrophy, fibrosis, 
hypoplasia, or absence of the adrenals, or combinations 
of one or more of these. The etiology was tuberculosis 
of the adrenal glands in only six cases. Thyroid hyper- 
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trophy was noted in two patients. Pulmonary tuberculosis 
was present in five, abdominal tuberculosis in one, and 
positive tuberculin tests were described in only three. 

Adrenal insufficiency alters coexisting diabetes mellitus 
in a number of ways. There is an unusual sensitivity to 
insulin, marked changes occur in the carbohydrate metab- 
olism in the two diseases, and severe repeated hypo- 
glycemic reactions occur. Although the therapeutic use of 
desoxycorticosterone acetate may not significantly alter 
the diabetic condition, there are diversified opinions on 
this point.*** The recognition of the diminution in in- 
sulin requirement, the frequent hypoglycemic reactions, 
the occurrence of Addisonian crises, and the dramatic 
electrolyte changes are demonstrated in the following 
protocol. 

The rarity of the simultaneous existence of diabetes 
mellitus and Addison’s disease would seem to justify the 
reporting of the present case, the diagnosis of which was 
corroborated by the findings at necropsy of tuberculosis: 
of the adrenals and atrophy of the pancreas. 


CASE REPORT 


The patient, W.C., a forty-two-year-old cab driver, had en- 
joyed good health until approximately three months after his 
entrance into the United States Army in 1943. At this time he 
allegedly fell during mass calisthenics and sustained a back 
injury. Thereafter he remained hospitalized for several months 
until he was separated from the service because of ‘‘nervous- 
ness.” Following discharge from the army he was hospitalized 
at a veterans’ hospital where the diagnosis of probable schizo- 
phrenia was made. A review of both his army and veteran's 
hospital records revealed normal blood counts, urinalyses, fast- 
ing blood sugars, serologic tests for syphilis and X rays of the 
heart and lungs. 

The patient was first seen by the senior author as an out- 
patient. In February 1947, he had multiple complaints of in- 
creased nervousness, severe frontal headaches, “fluttering of the 
heart,” slight exertional dyspnea, aching over the left kidney 
area at times, frequency, nocturia and enuresis. Other history 
was not remarkable except for an entirely negative family 
history which included fifteen siblings who were living and well. 
Physical examination yielded normal findings except for obesity. 
He weighed 192 Ib. and was 5 ft. 6 in. in height. All labora- 
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tory data, which consisted of complete blood counts, serology, 
fasting blood sugar, and nonprotein nitrogen, urinalysis, electro- 
cardiogram, basal metabolism test, radiograms of the chest and 
skull, were within normal limits. The impression at this time 
was psychoneurosis and moderate obesity. 

The patient did not return again until March 1949. There 
had been a further gain in weight of fourteen pounds since the 
previous visit. There were no new abnormal physical findings 
except for acute bursitis. Complete blood counts and urinalysis 
were again normal. 

About fourteen months later he returned complaining chiefly 
of frontal headache, nausea, dizziness and back ache. There was 
some suggestion of mental confusion. Weight was 201 l|b.; 
blood pressure 130/86 mm. Hg. Physical examination was again 
within normal limits. The following normal laboratory data 
were obtained: hemoglobin 14.8 gm., normal urinalysis, fasting 
blood sugar 114 mgm. per roo ml., nonprotein nitrogen 34 
mgm. per 100 ml., carbon dioxide 25 mEq. per L., serum 
chloride 104 mEq. per L. A lumbar puncture was done with 
the finding of a normal opening and closing pressure, dynamics, 
cell count, protein, sugar, chloride, smear, culture and Wasser- 
mann test. The diagnostic impression was severe psychoneurosis. 
Psychiatric care was advised but refused. 

In June 1951, he returned seemingly improved. Physical 
examination was nonrevealing. Weight was 200 Ib., blood pres- 
sure 130/80 mm. Hg., hemoglobin 13.2 gm. per 100 ml., and 
urinalysis negative. 

The diagnosis of diabetes mellitus was first made in May 
1952, when the patient sought attention because of increasing 
weakness, drowsiness, weight loss, nocturia, urinary frequency, 
muscle soreness and increased nervousness. Appetite had re- 
mained good. In the eleven-month period since his previous 
visit there had been a loss of 11 Ib. in weight. Blood pressure 
was 136/82 mm. Hg. No abnormal physical findings were 
recorded. The urinalysis revealed a four-plus sugar, no acetone 
or diacetic acid. Blood sugar was 502 mgm. per 100 ml. The 
patient was placed on 1,545 calorie diabetic diet with carbo- 
hydrate 150 gm., protein 90 gm., and fat 65 gm. divided in 
equal portions. Globin insulin 20 units daily was prescribed. 
The blood sugars thereafter varied from 156 mgm. to 250 mgm. 
per 100 ml. His weight remained stable. 

In August 1952, he developed herpes zoster over the left 
posterior thorax. Weight was 190 Ib. and blood pressure 128/72 
mm. Hg. Urinalysis was normal and the blood sugar 170 mgm. 
per 100 ml. Approximately eighteen months later, January 1954, 
he returned because of a small infected sebaceous cyst on the 
posterior thorax which was removed. On questioning he revealed 
that he had taken no insulin for the previous seventeen months. 
The weight was 186 lb. The fasting blood sugar was 146 mgm. 
per 100 ml. A glucose tolerance test confirmed the diagnosis of 
diabetes mellitus. 

In December 1954, he was seen again because of pronounced 
weakness, weight loss and anorexia present for the preceding 
four to five months. His weight was 1661/, lb. and blood pres- 
sure 136/80 mm. Hg. There were no abnormal physical findings 
except that his face appeared somewhat tanned. Hemoglobin 
was 14.4 gm., packed cell volume 40 per cent, urinalysis nega- 
tive, fasting blood sugar 158 gm. per 100 ml. and the serum 
electrolytes as follows: sodium 134 mEq. per L., chloride 94 
mEq. per L., potassium 5.4 mEq. per L., and carbon dioxide 
23 mEq. per L. Radiograms of the heart and lungs were within 
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normal limits. Tuberculin, histoplasmin and brucellergin skin 
tests were negative. During the next few days there was a rapid 
progression of symptoms with increasing weakness and the 
appearance of nausea and intermittent vomiting. There was con- 
tinuing gradual weight loss and possibility of adrenal insuf- 
ficiency was now entertained for the first time. However, the 
blood pressure remained normal and there was no evidence of 
buccal pigmentation or other abnormal physical findings. Within 
the period of one week there had been a 714 lb. weight loss. 
Twenty-four hour urine volumes on two occasions were 1,830 
and 2,210 cc. An eosinophile count was 246 per cu. mm. 
Sedimentation rate was 8 mm. an hr. Serum electrolytes were 
repeated with values as follows: sodium 138 mEq. per L., 
chloride 100 mEq. per L., potasium 4.6 mEq. per L., and carbon 
dioxide 22 mEq. per L. The fasting blood sugar was 118 mgm. 
per 100 ml. The patient was persuaded to enter St. Thomas 
Hospital for further evaluation. Daily fasting blood sugars 
varied from 112 to 170 mgm. per 100 ml. Blood counts, uri- 
nalysis, nonprotein nitrogen, vpDRL, electrocardiogram, radio- 
grams of the heart and lungs, gastrointestinal series and barium 
enema were reported as normal. A subnormal concentration of 
test dye was noted in the gall bladder during cholecystography. 
There was symptomatic improvement during his eleven-day 
hospitalization and no additional weight loss during this in- 
terval. He was discharged on a 1,680 calorie diabetic diet. 

During the one and one-half months following discharge 
from the hospital, however, there was an additional weight loss 
of 15 lb. and he had developed some “sinking spells’ and 
difficulty in swallowing. The weight now was 141 lb. Physical 
examination was again normal except for brownish appearance 
of the face, neck and thorax. The fasting blood sugar was 116 
mgm. per 100 ml., serum sodium 132 mEq. per L., chlorides 
66 mEq. per L., and potassium 5.2 mEq. per L.; eosinophile 
count was 246 per cu. mm. Intravenous pyelogram, packed cell 
volume, liver function studies, serum amylase, serum cholesterol, 
protein bound iodine, L. E. cell preparations, urinary porphyrins 
and stool examination were all within normal limits. Determina- 
tion of 17-ketosteroids was 8.2 mgm. per twenty-four hours. 
The Robinson-Kepler-Power water test showed prompt water 
excretion. There was no hormone or other specific therapy at 
this time. 

For the next four and one-half months there was continuing 
anorexia, intermittent nausea and vomiting and gradual weight 
loss. In May 1955, he was admitted to a Veterans Administra- 
tion Hospital with the only new outstanding finding of a 
persistently low blood pressure ranging between 80/60 and 
92/64 mm. Hg. On admission the serum sodium was 122 mEq. 
per L., chloride 79 mEq. per L., and potassium 5.3 mEq. per L. 
There were persistently low serum sodium and chloride until 
sodium chloride tablets were given. The initial eosinophile 
count was 381 per cu. mm. Two twenty-four hour determina- 
tions of urinary 17-ketosteroids were 7.1 mgm. and 10 mgm. 
Two other determinations were about of the same order; a 
twenty-four-hour fast and a Thorn test were done in an effort 
to rule out Addison’s disease. There were no adverse effects 
following the fast. Eosinophiles numbered 1,000 per cu. mm. 
and the fasting blood sugar 87 mgm. per 100 ml. The eosino- 
phile count dropped to 300 per cu. mm. following the intra- 
venous Thorn test. This was interpreted as reasonably good 
evidence against the diagnosis of Addison’s disease. The patient 
was then seen by a psychiatric consultant who was of the 
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Summary of additional dual diagnoses of diabetes mellitus and Addison’s disease 
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Reference 


and 
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7) Rogoffs 


McCullagh 


Balfour? & 
Sprague 


Balfour? & 
Sprague 
Breslow,8 
Lashof, & 
Klein 


Jersild® 


Markovitz!° 


Markovitz!° 


Gurling," 
Rockow, & 
Smith 


Baird & 
Munro!” 


7 Teichmann? 


& Leupold 


Porteus!+4 


Gilbert,15 
Dreyfus, 


Year re- 


ported Sex 


1949 


1954 


1954 


1954 


Siquier, Zara, 


Prunier 
Krauter!® 


Gould'? & 
Shlevin 


M 


M 


F 


F 


M 


M 


M 





Remarks 


Addison’s disease following 
adrenal denervation. 


Listed as young man. Chest 
film negative. 


Previously treated for hy- 
perthyroidism. 


Died at home of hypogly- 
cemic reaction. 


Tuberculin positive. 


Many hypoglycemic reac- 
tions. 


Tuberculin negative. 
Died of hypoglycemia; X- 


ray chest suggested pul- 
monary tuberculosis. 


Associated pregnancy. X- 
ray of chest negative. 


Chest film negative. 


Poly-tuberculosis. 


Atrophy of adrenals, hy- Tuberculin test negative; 





Age in years ; 
Onset of Onset of At Autopsy findings 
diabetes Addison’s death 
mellitus disease 
20 a 25 Died 5 months later. 
— 7 years Living Living at report. 
later 
29 37 40 Atrophy of adrenal cor- 
tices, fatty infiltration 
of pancreas. 
29 30 31 None. 
48 52 Living Living at report. 
21 29 Living Living at report. 
28 32 Living Living at report. 
7 26 32 No autopsy. 
27 24 Living Living at report. 
23 42 Living Living at report 
3 years later. 
3 months 48 Living Living at report. 
after 
Addison’s 
23 31 Living Living at report. 
53 51 Living Living at report. 
42, 46 Living Living at report. 
10 15 15 
poplasia of pancreas. 
TABLE 2 


Autopsy findings of twenty-eight reported cases of diabetes 
mellitus and Addison’s disease occurring concurrently 








Pathology of adrenal gland 


Atrophy 


Absence, 


Atrophy 
Fibrosis 
Absence 
Absence 
Fibrosis 


Tuberculosis (present case included) 


atrophy and fibrosis 


and absence 
and atrophy 
and _ hypoplasia 
and fibrosis 


Number of cases 


NDR UR FO 


chest film negative. 
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opinion that the case was probably that of schizophrenia in 
remission and hypotension. No specific treatment other than an 
increase in sodium chloride intake was prescribed. 

In July 1955, approximately two months after his discharge 
from the Veterans Hospital, the patient returned complaining 
of continued weight loss, dizziness, occasional nausea and vom- 
iting, cramping upper abdominal pain, negativism and occa- 
sional episodes, described by his wife, as being “unable to 
swallow” or “move a muscle.”” The weight had now diminshed 
to 12914 Ib. Blood pressure was 90/60 mm. Hg. There was 
slight right upper quadrant tenderness, some tenderness over 
the right testicle and diminished knee jerks. Serum sodium 
was 104 mEq. per L., potassium 5.4 mEq. per L. The eosino- 
phile count was 450 per cu. mm. and the fasting blood 
sugar 114 per 100 ml.; 17-ketosteroid excretion was 0.8 mgm. 
and 1.4 mgm. per 24 hr. Hospitalization was advised. He was 
admitted to the hospital at which time the serum sodium 
was 126 mEq. per L., potassium 5 mEq. per L. The 17- 
ketosteroid excretion varied from 0.7 to 1.8 mgm. per 24 hr. 
prior to adrenocorticotrophin stimulation. The highest figure ob- 
served after intravenous adrenocorticotrophin was 4.6 mgm. per 
24 hr. This was considered as evidence of some response on 
the part of the adrenal cortex, but not a completely adequate 
one. Eosinophile count varied from 250 to 1,075 per cu. mm. 
and was considered to be compatible with the diagnosis ot 
Addison’s disease. The diagnosis of adrenal cortical insufficiency 
was further corroborated by the fact that he improved with 
the use of oral cortisone, 12.5 mgm. twice daily. This was 
apparent in his gain of weight and the return of his blood 
pressure and laboratory values to normal limits. However, 
after approximately one month he again complained of ano- 
rexia and appeared apathetic and discouraged although there 
had been no weight loss. His cortisone dosage was increased 
to 50 mgm. daily and he was instructed to take an additional 
sodium chloride tablet daily. He was referred to the mental 
hygiene clis.ic because of his depression. Because of the possi- 
bility that his continuing emotional reaction was related to too 
much rather than too little cortisone, the dose was reduced to 
12144 mgm. daily and the dose of sodium chloride established 
at 4 gm. a day. On this lower dosage of cortisone he apparently 
did poorly and was seen four days later with most of the 
outstanding features of adrenocortical crisis. The serum sodium 
was 115 mEq. per L., potassium 6.3 mEq. per L., blood sugar 
115 mgm. per 100 ml. and nonprotein nitrogen 72 mgm. per 
100 ml. He was given 100 mgm. of cortisone intramuscularly 
and 1,000 cc. of 5 per cent glucose in normal saline and dis- 
charged on Aug. 19, 1955, with the hope that he would re- 
sume his normal eating habits. He continued to do poorly, 
however, and attempts to get him to go to local hospitals 
were unsuccessful. 

On Dec. 18, 1955, the patient was admitted to St. Thomas 
Hospital approximately one hour after having taken a sleeping 
capsule; he was unable to move any part of his body and too 
weak to talk. Temperature was 98.6° F., pulse 76 a min., 
respirations 24 a min. and blood pressure was 88/60 mm. Hg. 
The skin appeared rather diffusely tanned and there were a few 
dark freckles over the upper chest, shoulders and back with 
some questionable increase in pigmentation in the palmar 
creases. No deep tendon reflexes could be elicited. There was 
no retinopathy. The physical examination otherwise was not 
remarkable. Hemoglobin was 14.5 gm., white blood count 
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12,150 per cu.mm., differential 42 per cent polymorphonuclear 
leucocytes, 6 per cent monocytes, 2 per cent eosinophiles and 1 
per cent basophiles. The eosinophile count was 549 per cu. mm. 
The serum sodium was 121 mEq. per L., chloride 94 mEq. per 
L., potassium 8.7 mEq. per L., and carbon dioxide 
21 mEq. per L. The nonprotein nitrogen was 74 mg. per 
100 ml. and blood sugar 116 mg. per 100 ml. The 
electrocardiogram showed changes compatible with hyper- 
potassemia. Hypertonic saline intravenously and _ cortisone 
50 mgm. every twelve hours and epinephrine in oil, 1 cc. in- 
tramuscularly as needed for hypotension, were started as emer- 
gency therapy. He responded to this initial treatment with a 
gradual gain in strength and ability to talk although he 
remained mentally clouded and confused. In an effort to restore 
electrolyte balance more completely and also with the idea of 
possibly reducing the cortisone dosage, desoxycorticosterone 2 
mgm. daily was started. The sodium chloride dosage was con- 
tinued at 3 gm. daily. On this regime there was a gradual 
weight gain and symptomatic improvement although he re- 
mained extremely withdrawn and negativistic with continuing 
evidence of a primary psychiatric disturbance. During twenty-sev- 
en days of hospitalization the serum potassium varied from 8.7 
to 4.2 mEq. per L., sodium from 121 to 134 mEq. per L., and 
the carbon dioxide from 19 to 25 mEq. per L. Eosinophile 
counts ranged from 549 to 349 per cu. mm. and the fasting 
blood sugar from 110 to 170 mgm. per 100 ml. on admission 
to 35 mgm. per roo ml. The serum amylase remained mildly 
elevated with values ranging from 120 to 180 units (normal 
40-110). The PPD skin test for tuberculosis was 1-++ at 72 hours. 
X rays of the heart and lungs and skull showed no abnor- 
mality. He was discharged improved Jan. 9, 1956. 

Six days after discharge he returned having continued to 
gain weight, a total of 22 Ib. in slightly less than a month, 
and with relatively few complaints. The blood pressure re- 
mained within normal limits. However, because of a serum 
sodium of 128 mEq. per L. and a 24-hour urinary sodium of 6.4 
gm., desoxycorticosterone was increased to 5 mgm. daily and 
cortisone maintained at 100 mgm. daily. On Jan. 31, 1956, the 
patient expired, apparently after discontinuing the previously 
prescribed cortisone and desoxycorticosterone. 


AUTOPSY REPORT 


The body appeared well-developed, somewhat poorly nour- 
ished and there was a brownish mottled pigmentation of the 
forehead, face, neck and anterior and posterior thorax. Relevant 
findings were limited to the abdomen. 

Pancreas: The pancreas appeared essentially normal in size 
and shape. There was a moderate increase in interlobular and 
intralobular connective tissue. The acinar tissue appeared essen- 
tially normal. There was moderate hypoplasia of the islets of 
Langerhans on microscopic study. 

Adrenals: Both adrenals were markedly enlarged. One ad- 
renal measured 9x8x7.5 cm. and the other adrenal measured 
7x5x4.5 cm. On section the normal architecture of both 
glands was found to be completely replaced by caseous ne- 
crotic material. Multiple microscopic sections revealed almost 
complete replacement of the adrenal tissues by caseous necrosis. 
The few cortical cells that remained were swollen and vacuo- 
lated. Acid-fast stain revealed the presence of acid-fast organ- 
isms. 

Kidneys: The kidneys each weighed 180 gm. The capsules 
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stripped with only slight difficulty, exposing a few small vas- 
cular scars. The cortices, medullary portions, calyces and pelves 
appeared grossly normal. Microsopic sections were not unusual. 
No intercapillary glomerulosclerosis was seen. 

Examination of all other organs revealed no remarkable 
changes. The pituitary gland was not examined. 

Final pathological diagnosis was: Caseous tuberculosis of 


the adrenal glands. 
DISCUSSION 


The present case illustrates the occurrence of diabetes 
mellitus and Addison’s disease in the same individual. 
This was confirmed by post-mortem findings of tubercu- 
lous caseous necrosis of the adrenal glands with almost 
complete disappearance of the adrenal cortical tissue. 
Only six similar cases of this dual occurrence caused 
by proven tuberculosis of the adrenals are previously re- 
corded in the literature. The antecedent diabetes mellitus 
in this patient became less severe and required no 
insulin after the appearance of Addison’s disease. Even 
after the administration of cortisone, no insulin was re- 
quired. The patient finally expired in adrenal crisis four 
years after the diagnosis of diabetes mellitus and six 
months after the dual diagnosis. 

This instance of the simultaneous occurrence of these 
diseases in the same individual represents a rare occur- 
rence of disturbed function in two closely interrelated 
endocrine systems. Although tuberculosis occurs common- 
ly in poorly nourished diabetics, it rarely produces such 
adrenal destruction. The effect of the adrenal insuffi- 
ciency produces the expected effect of lowered blood 
sugar and hypersensitivity to insulin. Moreover, special 
interest lies in the group where diabetes mellitus follows 
Addison’s disease where it is least expected. An increased 
number of these dual combinations are being reported. 
As better knowledge of the variations in carbohydrate 
metabolism and the typical courses are recognized, the 
antemortem diagnosis should be made more frequently. 


SUMMARY 


Review of the medical literature reveals sixty-one cases 
of the concomitance of diabetes mellitus and Addison’s 
disease. Of these, diabetes mellitus appeared first in 
forty-one instances, Addison’s disease occurred first in 
fifteen, and the two diseases appeared simultaneously in 
three. Only twenty-eight cases have been confirmed by 
autopsy. 

An additional case of the dual occurrence of diabetes 
mellitus (present four years) and Addison’s disease 
(six months’ duration) due to tuberculosis of the ad- 
renal glands in a forty-two-year-old white male with au- 
topsy findings is reported. Post-mortem diagnosis of bi- 
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lateral adrenal destruction caused by tuberculous caseous 
necrosis has been previously reported in only six 
other cases. 


SUMMARIO IN INTERLINGUA 


Concomitantia de Diabete Mellite e Morbo de Addison 

Le revista del litteratura medical revela sexanta-un 
casos de concomitantia de diabete mellite e morbo de 
Addison. Inter istos, diabete mellite appareva primo in 
quaranta-un casos, morbo de Addison appareva primo in 
dece-cinque casos, e diabete mellite e morbo de Addison 
appareva insimul in tres casos. Solmente vinti-octo del 
casos esseva confirmate per necropsia. 

Es reportate un caso additional del occurrentia combi- 
nate de diabete mellite (de quatro annos de durantia) 
con morbo de Addison (de sex menses de durantia), 
causate per tuberculose del glandulas adrenal. Le patiente 
esseva un masculo blanc de quaranta-duo annos de 
etate. Le constatationes del necropsia es reportate. Un 
diagnose post morte de bilateral destruction adrenal 
causate per caseose necrosis tuberculotic se trova reportate 
in le litteratura in solmente sex casos additional. 
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MECHANISM OF INSULIN REACTIONS 


The mechanism of insulin reactions is poorly under- 
stood. Formerly all insulin reactions were considered 
to be the result of hypoglycemia; however, experience 
has shown that the severity of the symptoms is not 
always proportional to the degree of hypoglycemia. In 
fact, symptoms such as hunger, tremulousness, sweat- 
ing, and palpitation have frequently been observed in 
patients with normal or slightly elevated blood sugar. 
In general these symptoms are mild, but they may be 
very troublesome to the patient and even prevent good 
control of his diabetes. 

Although Joslin states that no member of his group 
has observed an insulin reaction associated with a 
blood sugar level above 80 mg. per 100 cc., he further 
states that a rapid fall to a level slightly below 100 mg. 
per 100 cc. might give rise to symptoms that would 
hardly be felt under normal circumstances. Most ob- 
servers believe that it is the rapid fall in blood sugar 
rather than the final level reached that brings about 
this apparent paradox of hypoglycemic symptoms with- 
out hypoglycemia. In sharp contrast with the above is 
the apparent absence of symptoms in the presence of 
severe degrees of hypoglycemia. Blood sugar levels 
as low as 40 to 50 mg. per 100 cc. have frequently 
been reported in individuals who apparently do not 
have symptoms. The wording “apparently do not have 
symptoms” has been used advisedly, since signs of 
hypoglycemia may often be found after a careful 
search. A slight increase in physical or intellectual ac- 
tivity may often quickly reveal the true situation and 
bring on more obvious symptoms. This type of reaction 
has become fairly frequent following the use of long- 
acting insulins. 

The obvious similarity between such symptoms as 
sweating, tremulousness, palpitation, etc., produced by 
an injection of epinephrine, and those that occur in 
hypoglycemia was first pointed out by Boothby and 
Wilder in 1923. The theory that the symptoms of 
hypoglycemia might be due to an increase in circulating 


SEPTEMBER-OCTOBER, 1957 


epinephrine was then further strengthened by the actual 
demonstration of an increase in circulating vasoconstrict- 
ing substance, presumably epinephrine, in the presence 
of hypoglycemia. It was also shown that epinephrine 
not only brought about the release of glucose from the 
glycogen of the liver but also reduced the demands 
of the peripheral tissues on the circulating glucose. 
Epinephrine was thus shown to be an effective agent 
for elevating the blood sugar in the presence of hypo- 
glycemia. 

The association of the symptoms of disturbances in 
behavior, vision, speech, and consciousness early im- 
plicated the central nervous system in the causation of 
insulin reactions. In 1929 Joslin suggested that the 
effect of hypoglycemia on the central nervous system 
might be related to depressed activity of certain oxida- 
tive processes similar to that occurring in asphyxia. 
The demonstration that carbohydrate was the chief or 
only source of energy for nerve tissue tended to sub- 
stantiate this theory. Studies by Himwich and others 
indicated a correlation between the degree of hypogly- 
cemia and a reduction in activity of various centers 
of the brain. The higher centers were the first to fail, 
while a successive failure of lower centers occurred as 
the blood sugar continued to fall. 

This theory and the supporting observations are 
fairly satisfactory in explaining the phenomena ob- 
served in hypoglycemic states rapidly induced by shock 
doses of fast-acting insulin. It does not explain the 
apparently contradictory nature of the central nervous 
system’s reaction to the more gradually induced hypo- 
glycemia seen in patients receiving long-acting insulins 
for the treatment of diabetes mellitus. The absence of 
symptoms in the presence of a blood sugar of 40 mg. 
per 100 cc. also remains a mystery. 

From “Insulin Reactions,” by Robert 
K. Maddock, M.D., and Leo P. Krall, 
M.D., in the A.M.A. Archives of In- 

ternal Medicine, June 1953. 
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Special Article 


Recent Statistics on Diabetes 


The death rate from diabetes for the United States in 
1956 showed a small increase over 1955. Provisional 
data for the entire year, based upon a ro per cent sample 
of the death certificates, indicate an increase of 3 per 
cent for the year. A somewhat similar trend is found 
among the urban wage-earning population represented by 
the experience among industrial policyholders of the 
Metropolitan Life Insurance Company (table 1). In part, 
the increase reflects the continued rise in the proportion 
of older persons in the population. There was a parallel 
rise in the crude death rate from all causes, whereas the 
age-adjusted rate declined. It may be noted that the 
death rates from diabetes for the past three years have 
been appreciably below the rates during the period 1949- 
1953. The contrast is even more marked when the rates 
are age-adjusted to take into account the changing age 
distribution of the population. 

Unlike the picture for the country as a whole, the 





Submitted by the Committee on Statistics, Herbert H. Marks, 
Chairman. The Committee welcomes suggestions or actual ma- 
terials suitable for this section in future issues from Associa- 
tion members and other readers of the Journal. 


death rates from diabetes in the cities and states for 
which reports are received regularly showed a decline 
between 1955 and 1956 with exception in Baltimore and 
Maryland. The two Canadian cities, Toronto and Mon- 
treal, experienced in 1956 a rise in the death rate as 
compared with 1955. 

In England and Wales the death rate from diabetes 
was slightly lower in 1956 than in 1955. For males the 
death rate in the two years was identical whereas for 
females the rate in 1956 was 4 per cent less than in 
1955. Figures for London (Administrative County ) 
also showed a small decline in 1956 as compared with 
the year before. 

Regional data for the United States for 1956, based 
upon the ro per cent sample of death certificates, indi- 
cate a rise in the death rate over the two previous years 
in the Northeastern section of the country, in the East 
South Central states and in the Rocky Mountain area 
(table 2). The changes are relatively largest for the 
Rocky Mountain area, but the number of deaths in the 
sample is not very large. Elsewhere the rates for 1956 
show a decrease from the previous years. The provision- 


TABLE 1 


Recent data on diabetes mortality 
Deaths and death rates—1956 and 1955 








Area Death Rates per 100,000 Number of Deaths 
1956 1955 1956 1955 
United States (10% sample) 15.8 15.8 2.634 2,506 
Metropolitan Life Ins. Co. 

Industrial Policyholders 14.9 14.7 2,649 2,657 
New York State 19.1 20.3 3,109 3,247 
New York City 18.8 21.2 1,519 1,698 
Maryland 18.7 17.8 518 481 
Baltimore 25.2 2o.7 245 219 
Boston 18.1 19.1 148 156 
Philadelphia 20.3 212 439 458 
Toronto 19.9 15.5 128 106 
Montreal, Resident 16.0 14.8 175 160 
London (Administrative County ) 8.1 8.3 266 273 
England and Wales 

Total 7.3 7A 3,242 3,291 
Males 5.1 5.1 1,108 1,084 
Females 9.2 9.6 2,134 2,207 





Note: Rates for the states and cities are based upon local estimates of population. United States data based upon the 


returns from a 10 per cent sample of 


death certificates received in vita] statistics offices, as published in “Current 


Mortality Analysis,” a monthly report of the National Office of Vital Statistics of the U. S. Public Health Service. 
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TABLE 2 


Number of deaths and death rates from diabetes in geographic division; United States reporting area for the 10 per cent 
sample: 1956, 1955 and 1954 





Geographic Division Death Rates per 100,000* Number of Deaths® 
1956 1955 1954 1956 1955 1954 
U. S. reporting area 15.8 15.3 15.4 2,63: 2,506 2,482 
New England 19.6 19.1 17.4 190 184 170 
Middle Atlantic 22.0 20.9 20.8 717 674 668 
East North Central 19.5 18.1 18.1 668 609 595 
West North Central 15.1 13. 15.1 228 197 220 
South Atlantic 11.3 12.6 19:7 271 295 289 
East South Central 11.8 9.2 11.0 138 107 126 
West South Central 10.5 12.1 11.0 168 190 169 
Mountain 12.4 10.6 tat 76 63 44 
Pacific 10.0 10.6 12.1 178 187 201 








*Excludes Armed Forces overseas. 

Note: These data from the 10 per cent sample are subject to sampling error, The number of deaths, as given, does not 
cover the entire United States for each month but is limited by the completeness of the reporting area. The size of the re- 
porting area is indicated by the footnote on page 7 of each monthly issue of the “Current Mortality Analysis.” 

Source: Data furnished by National Office of Vital Statistics of the U. S. Public Health Service. 


TABLE 3 


Death rates per 100,000 from diabetes in the United States by geographic region and state,* 1954, 1953 and 1952 








Region and State 1954 1953 1952 Region and State 1954 1953 1952 
United States 15.6 16.3 16.4 
New England 19.4 19.7 20.7 South Atlantic (continued ) 
Maine 17.9 15.1 15.9 West Virginia 12.4 11.5 14.4 
New Hampshire 21.8 21.1 21.8 North Carolina 10.0 10.4 9.3 
Vermont 15.6 19.4 19.6 South Carolina 10.5 12.0 11.8 
Massachusetts 19.6 19.0 PAR Georgia 10.6 11.9 12.1 
Rhode Island 24.6 30.0 29.0 Florida 12.8 12.4 13.1 
Connecticut 177 190 17.7 
a. East South Central 10.5 11.0 11.0 
fiddle Atlantic 20.8 23.5 21.6 
a Kentucky 13.0 12.8 13.8 
New York 19.9 21.3 20.6 Tennessee 8.7 9.2 9.1 
New Jersey 21.0 21.2 21.4 Alabama 9.7 10.8 10.2 
Pennsylvania 22.0 24.7 23.3 Mississippi 10.9 11.6 11.4 
East North Central 19.0 19.5 19.8 West South Central 11.5 11.6 1S 
Ohio 22.8 23.3 24.0 Arkansas 10.1 9.7 8.9 
Indiana 16.9 17.6 18.1 Louisiana 14.3 14.8 14.5 
Illinois 15.4 16.7 jg gal! Oklahoma 13.5 14.2 13.1 
Michigan 20.5 20.5 19.8 Texas 10.2 10.3 10.6 
Wisconsin 18.7 18.4 19.0 . a 
Mountain 9.9 10.7 FE 
West North Central 16.3 17.8 17.5 = s 
Montana 15.8 14.7 16.1 
Minnesota 17.8 17.4 16.6 Idaho iS 13.1 13.4 
Iowa 15.3 16.7 16.9 Wyoming 9.1 14.1 11.8 
Missouri 15.8 16.8 7.7 Colorado 9.8 11.0 11.0 
North Dakota 13.9 boys 16.9 New Mexico 72 Le 7.3 
South Dakota 15.5 17.8 18.0 Arizona Tok 8.2 10.6 
Nebraska 18.6 21.2 19.7 Utah 11.7 12.0 14.7 
Kansas 16.4 16.6 17.6 Nevada 6.7 1 7.6 
South Atlantic 11.9 12.3 125 Pacific 10.4 10.9 11.0 
Delaware 18.6 39st 23.0 Washington 14.3 15.8 15.1 
Maryland 16.9 17.6 17.9 Oregon 10.3 12.4 11.6 
District of Columbia 14.0 13.7 13.9 California 9.7 9.9 10.0 
Virginia 10.3 10.1 10.5 





*By place of residence. Excludes Armed Forces overseas. 
Source: National Office of Vital Statistics of the U. S. Public Health Service. Special Reports—National Summaries. 
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TABLE 4 
diabetes in the United States by each region*® and broad -age periods, 
1954 and 1950 








1954 
Under 

Area Totalt 5 5-19 20-44 45-64 
United States 158 OS 05 27 23:1 
New England 194 03 04 26 238 
Middle Atlantic 908 04 04 25 298 
East North Central 190 02 05 381 2686 
West North Central 1463 05 04 30 18.0 
South Atlantic 10 O65 OY SO 241 
East South Central 10.5 06 05 380 #1838 
West South Central MS O02 O07 “22 18.1 
Mountain 99 08 04 20 162 
Pacific 10.4 0.2 0.6 2.3 13.4 
United States 25,151 62 216 1,532 7,580 
New England 1,898 3 8 89 508 
Middle Atlantic 6,680 12 32 296 2,179 
East North Central 6,235 8 438 3858 1,832 
West North Central 2,368 8 15 144 557 
South Atlantic 2,708 14 43 247 973 
East South Central 1,201 8 18 lll 386 
West South Central 1,757 4 28 110 527 
Mountain 566 PA 6 40 162 
Pacific 1,738 3 23 142 456 


1950 
Under 
65+ Total+ 5 5-19 20-44 45-64 65+ 
Death Rates per 100,000 
114.7 i692 04 O7 OF 2254 120.4 
130.9 90 04 04 2368 872 14238 
145.5 205 04 05 35 sSbS 1461 
187.4 20.6 O08 09 27 $18 1482 
109.5 200.6C008BlCOG CUO 122.8 
90.2 126 04 09 384 256 99.6 
77.0 10.2 04 09 29 18.9 79.1 
94.0 11.6 0.4 0.9 2.6 20.1 94.1 
86.2 10.3 0.3 0.3 2.9 17.0 85.5 
77.4 10.0 0.2 0.8 1.8 13.1 73.5 
Number of Deaths 

i502 24,419 61 262 1,531 7;781 14,771 
1,288 1,955 4 8 90 559 1,290 
4,161 6,193 10 380 297 2,145 3,711 
3,999 6,266 10 62 312 2,034 3,847 
1,643 9,517 9 91 442 652 1,692 
1,429 2,664 1l 50 274 933 1,391 
676 BR eg? 5 29 119 369 650 
1,087 1,684 7 34 1389 532 972 
356 524 > 4 54 155 307 
1,113 1,444 3 24 104 402 911 





*By place of residence. Excludes Armed Forces overseas. 
Source: National Office of Vital Statistics of the U. S. Public Health Service Special Reports—National Summaries, 


vol. 44, no. 17, Oct. 31, 1956. 


TABLE 5 


Diabetes as the primary diagnosis in disability freeze 
allowances among workers for whom a period of disability 
was allowed. By sex and age, July-December 1955. 








Per cent diabetics 


Sex and age of total cases 


Both sexes 2.4 
Male FR 
Female 4.1 

Under 50 2.2 
50-59 2.4 
60-64 2.4 
65+ 2.4 





Source: Social Security Bulletin, Annual Statistical Sup- 
plement, 1955. U. S. Department of Health, Education and 
Welfare, Social Security Administration. 


al rate for the Pacific Coast area was the lowest for the 
entire country. 

The final death rates from diabetes for the year 1954 
by state are now available. These are given in table 3, 
along with the rates for the two previous years. The 
general pattern of the mortality by states continues un- 
changed. The higher rates are recorded in the Northern 
states and generally, the lower rates in the South and 
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+Includes deaths with age not stated. 


Southwest. The differences between these areas in the 
death rates are larger than can be accounted for by the 
differences in sex, age and color distribution of the pop- 
ulations. Rhode Island maintains its position in having 
the highest rate in the entire country. In 1954 the sec- 
ond highest rate was recorded in Ohio; the states with 
the lowest rates were Nevada, New Mexico and Arizona. 
Noteworthy also is the relatively low rate for California. 

Regional death rates by age have recently been pub- 
lished for the years 1950 and 1954. The general pattern 
of mortality in these two years is about the same (table 
4). For most groups by age and region where the num- 
ber of deaths is appreciable, the rates in 1954 were lower 
than in 1950. It is noteworthy that at ages under twenty 
and to some extent at ages twenty to forty-four, when 
the onset of diabetes is generally acute and the disease 
tends to be severe, the regional variation in the death 
rates from the disease is relatively smaller than at ages 
forty-five and over. Moreover, the rates at the younger 
ages, even though based often on small numbers, are in 
many cases as high in the South and Southwest as in 
the North. This is in contrast with the situation at ages 
forty-five and over where the rates are highest in the 
Northeast and lowest in the Pacific Coast states and in 
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certain regions of the South. At these ages the maximum 
regional rate is more than double the lowest. While 
these differences may reflect some variations in the prev- 
alence of diabetes, the more important factors appear to 
be recognition and reporting of the disease. 

New information on the importance of diabetes as a 
cause of permanent disability is revealed by the compila- 
tion of data on the diseases and impairments for which 
“Disability Freeze’ allowances have been made under 
the Social Security Amendments of 1954. Prior to the 
adoption of these amendments periods of prolonged dis- 
ability were excluded from the period of covered em- 
ployment and from the earnings base upon which the 
scale of benefits would be computed. Accordingly, the 
Social Security benefits payable to the worker with pro- 
longed disability and to his family might be greatly re- 
duced or lost entirely. Under the disability provision of 
the amended law which became effective on July 1, 1955, 
workers who meet specific conditions relating to regu- 
lar attachment to covered employment may have periods 
of prolonged total disability occurring before the age of 
sixty-five, eliminated from the computation of their av- 


erage earnings. Persons already on the rolls at the time 
of the 1954 amendments and meeting the conditions 
specified in the law could have their benefits recomputed 
to eliminate periods of disability before the age of sixty- 
five. Among the 57,221 persons granted such allowances 
by the end of 1955, diabetes was reported to be the pri- 
mary diagnosis in 2.4 per cent. The vast majority of the 
beneficiaries were males (50,055 of the total), but as in- 
dicated in table 5, the proportion of diabetics among 
them was much lower than among females. The variation 
in the proportion, according to age at application for the 
benefit, was insignificant. 

Attention is called to a recent publication “Diabetes 
Mellitus — Death Rates by Age, Race and Sex, United 
States 1900-1953,” Vital Statistics-Special Reports, Vol- 
ume 43, No. 12, June 28, 1956, issued by the National 
Office of Vital Statistics of the Public Health Service. As 
the title indicates, this publication gives detailed statis- 
tics on the trends of death rates over this long period, 
along with some explanatory notes. Accordingly, it is a 
convenient source of data on the subject for readers 
needing such information. 





“Lipophile Dystrophy” 


A remarkable but still insufficiently studied late ef- 
fect of protracted malnutrition is the “lipophile dys- 
trophy” (Bansi).! This disturbance was observed in the 
early phases of rehabilitation during which no N was 
retained in spite of satisfactory protein and caloric in- 
take. This disturbance is different from that observed 
during the “catabolic phase” following injury, because 
in “lipophile dystrophy” large amounts of fat are ac- 
cumulated due to positive caloric balance, and only the 
N-retention, the protein synthesis, is disturbed. It seems 
that damage to the endocrine system suffered during mal- 
nutrition may be responsible for this syndrome. 

It was stated by Osborne and Mendel? about forty 
years ago that “the tissues either form a typical proto- 
plasmic product or none at all.’’ This observation has 
since been confirmed repeatedly. It was found that in 
absence of some amino acids no incomplete proteins— 
those missing some building stones—are formed, but 
protein synthesis ceases completely. 

The somewhat dogmatic statement made by these mas- 
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ters of nutritional science is, however, valid for physio- 
logical conditions only. Modern analytical methods lead 
to the discovery that abnormal proteins may be formed 
in the tissues under pathological conditions. Such are the 
hemoglobin formed in sickle cell anemia? or cases of 
“paraproteinemia,” where abnormal proteins are found 
in the blood plasma.* 

These important recent results open an entirely new 
field not only in the biochemistry of proteins, but also 
in chemical pathology. 





1 Bansi: Med. Klin. 42:397, 1947. 

2 Osborne, and Mendel: J. Biol. Chem. 17:325, 1914. 

3 Pauling, Itano, Singer, and Wells: Science 110:543, 1949. 

4a Waldenstrom: Adv. Inter. Med. 5:398, 1952. 

4b Schreier: Bioch. Ztft. 327:528, 1951. 

From the book Modern Nutrition in Health and Di- 
sease edited by Michael G. Wohl, M.D., and Robert 
S. Goodhart, M.D. Philadelphia, Lea & Febiger, 1955, 
Chapter “Digestion, Absorption and Metabolism of Pro- 
tein” by Ernest Geiger, M.D., Ph.D., pp. 138-39. 
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THE “PERMEABILITY” HYPOTHESIS 
OF THE ACTION OF INSULIN 


The first experimental evidence that the permeability 
of certain cells to the entrance of glucose or other 
sugars was influenced by insulin was published some 
five years ago.!: 2 3 Since this time the total experimental 
evidence has been multiplied by the publication of many 
papers and has established the validity of this hypothesis 
that changes in permeability of certain tissues play a 
major role in the mechanism of the action of insulin. 
A recent comprehensive review by Ross* has been pub- 
lished. The history of the subject, however, goes back 
much further than 1949, since in 1914 Hoeber® suggested 
the possibility that in diabetes mellitus the permeability 
of certain cells to glucose was so impaired as to prevent 
its penetration to intracellular sites of enzymatic action. 
On the basis of these speculations Hoeber discussed, as 
a working hypothesis, what he called a ‘membrane 
theory” of diabetes. However, he published no experi- 
mental evidence in support. 

Lundsgaard in 1939® reported that effects of insulin 
on cell-free systems could not be demonstrated. He 
postulated, therefore, that its action was associated with 
cell structure. In general, the concept that insulin action 
cannot be demonstrated in cell-free systems has been 
supported by the work of others.7 Lundsgaard’s experi- 
ments on perfused hind limb preparations demonstrated 
the increased disappearance of glucose from the perfus- 
ing medium and also showed that no free glucose could 
be demonstrated in the cell. On the basis of this 
evidence he conceived the possibility that insulin ac- 
celerated the migration of glucose into striated muscle 
cells through some unknown mechanism acting upon the 
surface of the cell. However, the possibility that insulin 
acted upon hexokinase was not ruled out by this type 
of experiment. 

The term, ‘“‘permeability,” has been used with 
different meanings in the literature. For our pur- 
poses, its simplest interpretation may be regarded as 
indicating that the cell membrane permits the passage 
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of certain solutes into the interior of the cell while 
barring or slowing the entrance of others. Theories as to 
the mechanism of this permeability have been freely 
presented in the literature, but in its application to the 
problem of the action of insulin authors have tended 
to avoid any implications as to mechanisms involved. 
For this reason, some have preferred to use the term, 
“transport” across cell boundaries, again without im- 
plication as to mechanism. But at the moment a rational 
selection of any descriptive term is impossible until 
more definite experimental evidence is available upon 
which a choice may be based. 

Ross* has outlined an interesting teleological dis- 
cussion for the necessity of a mechanism by which insulin 
accelerates the entrance of glucose, particularly into 
muscle cells. The need for a rapid increase of metabolic 
activity in muscle demands at certain times a more rapid 
entry into the cell of glucose, which is the chief easily 
available, energy-producing nutrient for muscle metabol- 
ism. Evolution then has developed this special hormonal 
accelerating mechanism in order that muscle may be 
capable of large ranges of energy-producing metabolism. 
The hydrophilic glucose must pass the hydrophobic 
barrier of the lipoid phase of the cell membrane, and 
insulin, by some unknown mechanism, increases the 
permeability of the cell membrane by diminishing the 
differences between these two antagonistic properties 
of solute and cell membrane. The alternative would have 
been to depend upon the rapid formation of energy- 
producing metabolites of lipophilic compounds, for 
example, acetate, pyruvate and lactate. Indeed, in dia- 
betes mellitus the organism does precisely this, since by 
accelerating ketone production from fat in the liver it 
furnishes peripheral muscle with large amounts of 
energy-producing metabolites. Ketone bodies readily 
enter and are easily metabolized by muscle. Unfortun- 
ately, no regulatory mechanism for this type of metabol- 
ism has been established, and in consequence, the un- 
controlled ketone production in excess frequently results 
in fatal acidosis. 

The experimental evidence for the permeability hypo- 
thesis of insulin action has been obtained in two ways: 
(1) By measuring the volume of distribution of selected 
sugars in the eviscerated animal, or (2) by demonstrat- 
ing an increase of free glucose or other sugars intra- 
cellularly by appropriate methods. In a series of papers, 
Levine and his colleagues! 2? studied the effect of 
insulin upon the volume of distribution of d-galactose. 
This sugar was chosen because it is not utilized by 
skeletal muscle, although it is transformed into glucose 
in the liver, kidneys and intestinal tract. In the eviscer- 
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ated animal these transformations are eliminated. Levine 
and others’ *** showed that without insulin the initial 
volume of distribution of d-galactose was approximately 
45 per cent of the body weight, but the simultaneous in- 
jection of exogenous insulin increased this to 70 per cent, 
approximately the volume of total body water. Since all 
sugars are not insulin-responsive when studied by this 
method, it was natural to conclude that molecular con- 
figuration conferred some degree of specificity of the 
action of insulin upon permeability. The experiments 
of Levine, and Haft, Mirsky and Perisutti,8 and also 
those of Drury and Wick,® clearly established this 
possibility. 

Glucose was included among the insulin responsive 
sugars by Levine because of its molecular similarity in 
carbons 1, 2, and 3 with other responsive sugars. But 
Park and his co-workers 1° 1! first established that it 
was transported into the cell as free glucose, its phos- 
phorylation to hexose-6-phosphate being secondary to 
entrance into the cell. They obtained this proof by (1) 
increasing the glucose concentration in the medium 
in which their muscles were equilibrated to very high 
levels, thus swamping the action of hexokinase, or (2) 
by chilling their systems to 12° C., thus practically 
eliminating the phosphorylating reaction. Park and his 
co-workers clearly showed that insulin had an accelerat- 
ing effect on increasing the concentration of free glucose 
within the cell, thus establishing the fact that insulin 
acted upon permeability or transport of this sugar rather 
than upon its phosphorylation. 

To date the evidence appears to show clearly that 
the permeability hypothesis of insulin action has only 
been established in the case of skeletal muscle, fat, 
adipose tissue, and heart. There is no clear-cut evidence 
that all or even part of the action of insulin upon hepatic 
metabolism can be explained upon the basis of the 
permeability hypothesis. In the case of the intestinal 
mucosa and the renal tubule it has been clearly shown 
that glucose transport in these sites is not accelerated 
by insulin. A unique situation exists with respect to the 
brain. Although blood-brain barriers to certain substances 
have been clearly established in this organ, no barrier 
appears to affect the entrance of glucose. It appears that 
insulin is not concerned in this transport, nor, indeed, 
has it ever been established that insulin has any effect 
upon metabolic reactions within the brain. There appears 
to be no clear-cut evidence to the effect that metabolic 
processes within the brain are disturbed even in severe 
diabetic states, unless there is some purely secondary 
effect due to such factors as acidosis due to severe ketosis. 

Ross* has published an interesting speculative dis- 
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cussion proposing a definite mechanism by which insulin 
accelerates the transport of glucose across certain cell 
membranes. He proposes the existence of a “glucose 
transferase” which requires the presence of insulin for 
its complete functioning. This complex existing upon 
the lipoidal cell membrane has the ability to combine 
with glucose in a manner similar to the combination 
of an enzyme and its substrate. This glucose-insulin- 
transferase combination has the ability to transfer the 
hydrophilic glucose through the hydrophobic cell mem- 
brane into the cell interior. Within the cell glucose reacts 
with the hexokinase. The insulin-transferase complex is 
then free to repeat its transporting cycle. 

Much remains to be done on this aspect of insulin 
action. But it appears to be established that the cell 
membrane is not an inert physical structure whose 
functions are limited solely by its osmotic properties. 
As Ross* has pointed out, “diseases of permeability’ are 
possible. Apparently diabetes mellitus, in part at least, 
is the first disease to be assigned to this category. 
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INSULINASE 


The metabolic derangement of diabetes mellitus is 
due to an insufficiency of insulin. The cause of the 
insufficiency in man remains unknown. Whereas the 
classical studies of von Mehring and Minkowski! and 
of Banting and Best? suggested that a decrease in the 
production of insulin by the 8 cells of the pancreas 
could account for the insulin insufficiency, later studies 
made it apparent that some extrapancreatic factor must 
be involved in the majority of patients with diabetes 
mellitus. Thus, whereas the metabolic derangement oc- 
curs in the susceptible experimental animal only after the 
removal or destruction of from 80 to 90 per cent of 
the islet tissue of the pancreas, such extensive damage 
is relatively rare in human diabetes.* Further, although 
the syndrome becomes apparent in the alloxanized rat 
or the growth-hormone treated dog when the amount of 
extractable insulin in the pancreas falls to between 10 
and 20 per cent of that found in normal animals,* the 
quantity of extractable insulin from the pancreas of near- 
ly all patients who develop diabetes after the age of 
twenty years (‘‘maturity-onset’’ diabetes) exceeds that 
concentration.® In accord are the relatively recent obser- 
vations that almost 90 per cent of patients who develop 
the diabetic syndrome after the age of forty years respond 
to the arylsulfonylureas with a decrease in the blood 
sugar. Since these agents are hypoglycemic only in the 
presence of insulin-producing islet tissue, their effec- 
tiveness in patients with diabetes reveals that many 
such patients do produce insulin. 

An insufficiency of insulin can result from the ex- 
Cessive activity of some mechanism which prevents the 
peripheral action of the hormone. All definitive evi- 
dence suggests that the known contra-insulin factors 
such as adrenocorticotropin, somatotropin, corticosteroids 
and glucagon are not involved in the usual diabetic 
syndrome. Likewise the presence of inhibitors of in- 
sulin in the circulation cannot account for the insulin 
insufficiency even though they may play a role in the 
development of insulin resistance. Accordingly, it was 
proposed that an increase in the rate of destruction of 
insulin by the extrapancreatic tissues, rather than a de- 
crease in the production of insulin by the pancreas, is 
responsible for the insulin insufficiency in the majority 
of patients with diabetes mellitus.® 

The demonstration that insulin is inactivated and 
destroyed by homogenates, extracts and slices of liver 
and other tissues?) 8 as well as by the intact animal? 
is in accord with the above hypothesis. This destruction 
of insulin is dependent upon the presence of a heat- 
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labile system, insulinase, which catalyzes the hydrolysis 
of insulin and exhibits all the characteristics of an 
enzyme system with a Michaelis-Menton constant of 
about 8.5 x 108 M/liter and a maximum velocity of 
degradation of 2.5 x 108 M/min.!% 11 (Molecular 
weight of insulin assumed — 12,000) 

Although the absolute specificity of imsulinase can- 
not be determined until it has been purified to a 
greater degree than has been accomplished to date, its 
relative specificity has been demonstrated. Thus the 
action of insulinase on insulin as well as on synthetic 
polypeptides differs from that of trypsin, chymotrypsin, 
carboxypeptidase and other known proteinases and pep- 
tidases. Further, fresh liver extracts which are active 
in catalyzing the hydrolysis of somatotropin, adreno- 
corticotropin, glucagon, and other proteins as well as 
insulin, lose their insulinase activity on dialysis, aging, 
and even relatively mild heating while retaining their 
capacity to hydrolyze the other proteins.12 Factors which 
increase the activity of insulinase in vitro do not in- 
fluence the systems responsible for the hydrolysis of 
other proteins by liver extracts. Likewise, the insulinase 
activity of a relatively pure preparation from pancte- 
atic extracts!* has been found to differ from the systems 
responsible for the hydrolysis of other proteins. 

Definitive evidence that the activity of insulinase is 
increased in patients with diabetes mellitus must await 
the development of methods which will permit the assay 
of this enzyme in man. Indirect evidence, however, is 
available in the demonstration that indole-3-acetic acid, 
which inhibits the action of insulinase in the experi- 
mental animal, is effective in reducing the blood sugar 
of many patients with “maturity onset” diabetes.’ 

The possibility that an increase in the rate of the 
activity of insulinase with a consequent increase in the 
destruction of insulin may play a role in the insulin 
insufficiency of diabetes mellitus in man suggests new 
approaches to both prophylaxis and treatment. 
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Seale Harris 
1870-1957 


Leon S. Smelo, M.D., Birmingham 


Almost a century has gone by since the War between 
the States, and one by one the medical leaders who at- 
tained eminence during the Reconstruction Era have 
passed away. Most recent of these was Seale Harris, 
who died on May 16, 1957, of a cerebral vascular 
lesion three days after his eighty-seventh birthday. Seale 
Harris had the distinctive qualities of the great phy- 
sicians of his period—doctor, teacher, medical investiga- 
tor and writer. Dr. Harris combined a deep concern for 
the health needs of each patient with a penetrating in- 
sight into the disturbances of disease. He blended what 
today is called psychosomatic and scientific medicine. 
He sought always to disseminate knowledge as a teacher 
and writer. An outstanding internist, he was particularly 
recognized for his therapy of diabetes mellitus and his 
discovery of its antithesis—hyperinsulinism. 

Dr. Harris did more than treat patients well. He had 
a deep desire to better medical practice in all its phases. 
He engaged in a never-ending education of physicians 
in the fundamentals of physiology and biochemistry. In 
many talks to the public he advocated the free choice of 
one’s physician to replace company-paid doctors. He 
strongly emphasized sound nutrition and strongly de- 
nounced the use of alcohol. Unshakable in his convic- 
tions, Seale Harris promulgated his beliefs forcefully and 
fearlessly, and lived to see them gain acceptance. 

Dr. Harris was proud of his forebears. Descended 
from sturdy Scotch-Irish planters and soldiers, Seale 
Harris’ father was a country surgeon in northwest 
Georgia, with a great love for classic literature and 
music. His mother was valedictorian of her class at 
college and had a serene and happy disposition. From 
these parents, whose wealth perished with the ante- 
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bellum South, came five sons who achieved distinguished 
careers respectively as the leading educator of Georgia; 
as Adjutant General of the Army during World War I; 
as United States Senator from Georgia for three terms; 
as career officer of the United States Army, and as an 
eminent physician. 

With the financial aid of his elder brothers, and by 
his earnings carrying the rod for the crew that surveyed 
the route of the Seaboard Railroad from Rome, Georgia, 
to Chattanooga, Seale Harris obtained his Bachelor of 
Arts degree from the University of Georgia and his 
M.D. from the University of Virginia in 1894. As a 
medical student, Harris occupied the dormitory room 
earlier used by Edgar Allen Poe. 

After graduation, Harris engaged in general practice 
with his uncle in Union Springs, Alabama, from 1894 
to 1906. There he also served as County Health Officer. 
In 1897 he married Stella Rainer, daughter of the 
town’s banker. To them were born Josephine Harris 
Keegan and Seale Harris, Jr. His son who was associ- 
ated with his father in practice died in 1944 in Australia 
while in military service. 

In the agricultural community of southeastern Ala- 
bama, Seale Harris established a reputation for diag- 
nostic and professional acumen. In 1906 he became 
Professor of the Practice of Medicine of the University 
of Alabama at Mobile. He prepared for this appoint- 
ment by a year of postgraduate work at Johns Hopkins 
University, the Polyclinic Hospital in New York, and 
various medical centers in France and Germany. Dr. 
Harris held this Professorship until 1913 when the 
demands of practice and his duties as Secretary-Treasurer 
of the Southern Medical Association and Editor of the 
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Southern Medical Journal forced his resignation. 

In 1906 The Southern Medical Society was organized. 
Dr. Harris became its Secretary-Treasurer and the Editor 
of its Journal. Dr. Harris in 1912 selected Mr. C. P. 
Loranz as Business Manager. Under their guidance from 
1912 to 1921 both the Society and Journal prospered 
and grew steadily in size and influence. 

The Southern Medical Journal has served as the voice 
of the Southern Medical Association in stimulating the 
understanding and practice of scientific medicine. Dur- 
ing a decade under his editorial leadership the Journal 
progressed from an obscure regional publication to one 
of national and international stature. In 1921 the Asso- 
ciation recognized the achievements of its Editor by 
electing him to its presidency. In 1956 the Association 
celebrated its Golden Anniversary. On that occasion the 
Society awarded a Golden Key to Dr. Harris for his 
devoted services in establishing the eminent position of 
the Society as one of the most influential and important 
in the United States. 

With his familial military background, it was inevit- 
able that World War I would draw Seale Harris into 
service. Initially placed in charge of work on gastro- 
intestinal diseases, he was later drafted by General 
Pershing to serve in Paris as Editor of War Medicine, 
the research organ of the A.E.F. He also wrote the 
Gastroenterological Section of the Medical History of 
the World War. Upon retiring from military service in 
1920, Dr. Harris was elevated to Colonel in the Medi- 
cal Reserve Corps. 

In 1922, when Banting and Best announced the isola- 
tion of insulin, Harris went to Toronto to learn about 
the new lifesaving agent. This trip had three significant 
consequences: (1) Drs. Banting and Harris became 
firm friends; the latter secured much of the data and 
insight utilized later in his biography of the discoverer 
of insulin. (2) Dr. Harris gave a course on insulin in 
1924 at Birmingham. This was attended by physicians 
from Virginia, Florida, Georgia, Tennessee, Mississippi 
and Alabama. (3) The observations made on the effects 
of excessive administration of insulin initiated the in- 
vestigations which culminated in his description of 
hyperinsulinism. 

Indeed, while in Toronto, Dr. Harris discussed with 
Dr. Banting the theoretical possibility of excessive in- 
sulin secretion. Harris recalled patients who several 
hours after meals exhibited weakness, pallor, perspira- 
tion, tremor and faintness—typical symptoms of insulin 
hypoglycemia. On his return from Birmingham, Dr. 
Harris obtained from his records the names of patients 
with such symptoms who were then studied further. At 
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the meeting of the American Medical Association in 
1924, he read a paper entitled “Hyperinsulinism and 
Dysinsulinism.’” He cited five patients in whom the 
above-described symptoms were associated with a blood 
sugar under 70 mg. per cent and concluded that this 
was caused by an excessive endogenous secretion of in- 
sulin, i.e., hyperinsulinism. In 1937 Dr. Allen Whipple 
offered his triad of diagnostic criteria to differentiate 
between the relatively infrequent surgical hyperinsulin- 
ism due to islet-cell neoplasms or hyperplasia, and the 
relatively frequent hyperinsulinism of functional eti- 
ology first described by his friend, Seale Harris. After 
the initial report in 1924 on hyperinsulinism, Dr. Harris 
in subsequent publications stressed the frequency with 
which it simulated and was misdiagnosed as a neuro- 
psychiatric disorder. 

Dr. Harris placed emphasis upon diet in the manage- 
ment of diabetes mellitus and functional hyperinsulin- 
ism. In the 1920's, in order to carry out such therapy, 
he found it necessary to establish his own Dietetic Insti- 
tute, which later developed into the Gorgas Hospital. 
These institutions contributed greatly to physician- 
patient education in diabetes, hyperinsulinism, gastroin- 
testinal and nutritional diseases but the heavy losses 
resulting from their maintenance during the depression 
years wiped out Dr. Harris’ personal fortune. These 
losses ultimately cost him the hospital, but demonstrated 
his inviolate character. Regardless of legalities, he repaid 
physician friends their full investments. 

During his lifetime Dr. Seale Harris was accorded 
many richly earned rewards. In 1940 the Medical Asso- 
ciation of Alabama bestowed a special award for his 
discovery of hyperinsulinism. In 1948 and 1949 honor- 
ary memberships in Phi Beta Kappa and Sigma Xi were 
granted. In 1948 also, the first camp for diabetic chil- 
dren south of the Mason-Dixon line was founded and 
named in his honor. In 1949 he was recipient of the 
Distinguished Service Award of the American Medical 
Association and the Research Medal of the Southern 
Medical Association in recognition of his pioneer de- 
scription of hyperinsulinism and his achievements in the 
fields of diabetes mellitus and nutrition. In 1949 he 
became one of the few out-of-state physicians elected 
to its Fifty-Year Club by the Mississippi State Medical 
Society. In 1950 the University of Alabama conferred a 
Doctorate of Laws; in 1951 the Medical College of Ala- 
bama, an honorary membership in Alpha Omega Alpha. 
In 1951 the University of Virginia Alumni Association 
designated him a member of the Thomas Jefferson 
Society of Patriarchs for more than fifty years of superla- 
tive service. 
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These many awards attested to a remarkable medical 
career and affectionate esteem for a man in his seventies. 
They did not signal the onset of retirement, as might be 
expected, but, rather, marked the inauguration of the 
career Of an author. In 1946 Dr. Harris published 
Banting’s Miracle, a glowing tribute to a friend and one 
of the great benefactors of our time. In 1950 he wrote 
Woman's Surgeon: The Life Story of ]. Marion Sims. 
This biography was dedicated to Dr. Charles Hooks 
Harris, father of Seale, a disciple of Marion Sims, and 
responsible for his son’s lifelong admiration of the 
founder of modern gynecology. In 1952 Dr. Harris 
produced his final work, a political treatise: Death of 


the National Democratic Party. Another work never 
completed because of a succession of mishaps and ill- 
nesses was: Octogenarians, Nonagenarians and Cente- 
narians Whom I Have Known. 

This talented and beloved physician died at the home 
of his daughter, Mrs. Josephine Harris Keegan, on 
March 16, 1957. It is fitting to repeat a sentiment edi- 
torially expressed in the Southern Medical Journal of 
December 1921 when Seale Harris assumed the presi- 
dency of the Southern Medical Association: “He is of 
keen mind, thorough education, scholarly attainments, 
rare culture, great breadth of vision, and with it all a 
most human personality.” 
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To the Editor: 

The letter appearing in the July-August 1957 issue 
of DIABETES written by Dr. Joslin discussing the asso- 
ciation of trauma with diabetes should be of tremendous 
interest to every practicing physician especially if he is 
called upon to render a professional opinion as to causal 
relationship. 

Dr. Joslin gives his own personal experience citing 
uncontroversial data covering a period of over sixty 
years of clinical observations including case records of 
49,000 patients studied in his clinic together with a 
terse statement of material on the subject covering two 
world wars, and reported experiences of his intimate 
colleagues in the Boston area as well as in Europe. 

The early and continued animal studies of Long, 
Lukens, Young, Houssay, Ingle and many others on 
the relationship of other glands of internal secretion to 
diabetes mellitus with special reference to the anterio- 
pituitary and the adrenal cortex; the use of certain 
glucogenic corticoids producing so-called “‘steroid dia- 
betes” in selected experimental animals; and probably 
more recent observations and reports by Conn and 
others on the production of hyperglycemia in man by the 
use of corticotrophic substances, have induced some 
to feel that stressful situations resulting from trauma, 
and/or trauma alone can produce diabetes mellitus in 
man. Some have used the terminology ‘‘stress diabetes’ 
as synonymous with so-called ‘steroid diabetes’ and the 
clinical entity diabetes mellitus in man. 

Despite the profound, exciting and enlightening ex- 
perimental observations of the past fifteen to twenty 
years, this writer, for the present, agrees with Dr. Joslin 
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that trauma and the stressful situations frequently at- 
tendant thereto do not cause diabetes mellitus in man. 
Years of clinical observation confirm this position and 
there is insufficient experimental or clinical data to 
refute it. 

As to the future, I shall be sincerely and keenly alert 
to all proven acceptable data confirming or disproving 
my present belief. 

The question of trauma and stress as etiological fac- 
tors while constituting a very small portion of the prob- 
lem of diabetes as a whole, looms large and assumes 
considerable importance when the physician is called 
upon to render an opinion one way or the other, espe- 
cially in a court of law. In the past several years I have 
been asked to review three such cases and give my opin- 
ion in three different cities. The legal implications are 
extensive and far-reaching and at times, appalling. An 
exhaustive review of the literature on the subject is 
intensely interesting and one is lead to believe that some 
authors report the findings and statements of others 
without careful analysis and probably without integrat- 
ing their own records and observations. As a result of 
my own recent experiences, I find myself again in agree- 
ment with Dr. Joslin and feel obligated to address this 
communication in the interest of the large segment of 
the future diabetic population of our country, “if it 
were considered likely that they would become diabetic 
if they underwent an injury.” 

JOHN A. REED, M.D. 
Washington, D. C. 
To the Editor: 

Your recent article on Frederick William Pavy (D1a- 
BETES, November-December, 1956) provided a valuable 
appraisal of his contribution to medicine, particularly in 
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relation to metabolism and diabetes. There is, however, 
another aspect of his career much less well-known, but 
without which no final appreciation of his work is 
possible. This concerns his activities in the field of 
public health which are of no little historical interest 
and importance. 

The Metropolis Management Act of 1855 required 
every Vestry and District Board in the London area to 
appoint a medical officer of health—the first occasion on 
which these appointments were made obligatory—and, 
in 1856, forty-eight men were duly appointed to the 
new posts. Among them was Dr. Pavy who, at the age of 
twenty-six, became the first Medical Officer of Health 
to the parish of St. Luke, Middlesex. His district com- 
prised the crowded area immediately adjacent to the north 
side of the City of London, and later became the Metro- 
politan Borough of Finsbury. 

A few weeks after taking up his new office, Pavy 
invited seven of his colleagues to his house at 3, Fins- 
bury Square for a discussion of their work, and more 
particularly to consider the formation of a society. This 
meeting is a noteworthy event in the annals of public 
health. Its outcome was an invitation to all the medical 
officers of health in the Metropolitan area to attend a 
gathering on May 13, 1856, in the rooms of the Medical 
Society, Hanover Square. At this meeting, which was 
attended by thirty of those who had been invited, the 
Metropolitan Association of Medical Officers of Health 
was founded, with John Simon as its first President. 
This Association, which owed its inception to William 
Pavy, gradually widened its scope and membership, and 
has played an important part in the English public 
health movement since that time. 

Pavy continued his work at St. Luke’s for almost 
thirty years, while at the same time conducting his in- 
vestigations into diabetes. This was a period which 
witnessed substantial improvements in the sanitary con- 
ditions of London, and the Reports which he submitted 
annually to his Vestry provide an interesting commentary 
on these changes and serve to illustrate his interest in 
matters concerning community health. Besides being 
Medical Officer of Health, Pavy was also the Public 
Analyst of his parish. He carried out this work himself, 
and it is interesting to reflect that while he was engaged 
on his studies on food and dietetics he was also testing 
the milk, foodstuffs and even the beer sold in the 
district he served. In 1884 he resigned his office in 
order to devote more time to his clinical studies and his 
private practice. 

He retained his interest in public health to the end 
of his long life. When, in 1906, the Society of Medical 
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Officers of Health (as the Association later became) 
celebrated its Jubilee, Dr. Pavy, then aged seventy- 
seven, attended the commemorative banquet and made 
a short speech. 

Although his principal interest lay in the field of 
clinical medicine, and it is for this that he is chiefly 
remembered, his work for public health is worthy of 
mention and should not, I think, be overlooked. 

S. P. W. CHAVE 
Lecturer in Public Health 
University of London 
London, England 
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THE HUMAN Bopy—ITs ANATOMY AND PHysIOLocy. 
By C. H. Best and N. B. Taylor. Third edition, $6.75, 
723 pp. Henry Holt and Company, New York, 1956. 

The third edition of this well-known college text has 
been greatly altered and expanded. According to the 
authors it “might best be described as a new book with 
parts taken from the old.” The increased emphasis on 
anatomy handled simply with good illustrations will 
make for a better understanding of the functioning of 
each organ. This is a desirable feature for nurses and 
premedical students. An introductory chapter sketches 
modern concepts of the structure and movements of at- 
oms and molecules in order to give a better understand- 
ing of solutions, colloids, osmotic pressure, diffusion, and 
hydrogen ion concentration as they apply in the mainte- 
nance of vital body functions. The chapters on the skel- 
eton and muscular systems are well illustrated by color 
and line drawings with strong emphasis on the anatom- 
ical structure as it relates to function. Brief discussions of 
muscular efficiency and the chemistry of muscular con- 
traction are included. The chapters in Part Three on the 
fluids of the body provide good descriptions of the func- 
tions and composition of blood and lymph. Parts Four, 
Five and Six, concerned with circulation of the blood, 
respiration and digestion are suitably discussed and well 
illustrated. Part Seven is devoted to metabolism and nu- 
trition, renal and cutaneous functions. The last four parts 
concerned with the nervous and endocrine systems, the 
special senses, and reproduction are quite sufficient for a 
text of this type. The Appendix provides convenient 
tables of weights and measures, proteins and amino acids. 
The limited tables of food values are of pedagogical rath- 
er than practical use. 

This book should fill a real need for an elementary 


DIABETES, VOL. 6, NO. 5 














BOOK REVIEWS 


physiology text for college classes where a correlated 
emphasis on anatomy is desirable. 


RECENT PROGRESS IN HORMONE RESEARCH: Proceed- 
ings of the Laurentian Hormone Conference 1955. Vol. 
XII. Edited by Gregory Pincus. $10, 453 pp., Academic 
Press, Inc., October 1956. 

The twelfth annual Laurentian Hormone Conference 
was held in Colorado to facilitate attendance by investi- 
gators in the western part of the United States. As is 
usually the case, the published conference report supplies 
up to date authoritative information about the current 
interests and activities of some of the outstanding re- 
searchers in the field. The fourteen papers are grouped 
under four headings: Hormone biosynthesis and metabo- 
lism, Hormones and metabolism, Pituitary hormones, and 
Sex hormones. The first category deals largely with ob- 
servations that will be of greater interest to the chemist 
than to the clinician. Studies of reactions involved in the 
synthesis of thyroid, adrenal medullary and steroid hor- 
mones are described in some detail. The remaining 
categories are of more general interest. The dis- 
cussion of the current status of aldosterone, intro- 
duced by Luetscher and including extensive comments 
by several others, is one of the high points of the 
volume. Krahl’s paper, reviewing the relationship of 
insulin to protein synthesis and growth, is of consider- 
able interest. A routine clinical laboratory method for 
the determination of urinary gonadotropins is described 
in detail by Albert who analyses critically alternative 
procedures. This chapter should be of considerable value 
to hospitals and clinical laboratories. Studies of hormonal 
control of melanin pigmentation are reported, as are 
certain aspects of male and female sex hormones par- 
ticularly with relation to chemical changes, libido and 
reproduction. A paper describing clinical disorders of 
pituitary function leads to some critical evaluation of 
the use of available hormones in the effort to increase 
growth rates. 

This volume should be read not only by investigators, 
but also by clinicians who have occasion to prescribe 
some of the hormones discussed at the meeting. 


THE ADRENAL CorTex. By I. Chester Jones, B.Sc., 
Ph.D. $7.00, pp. 316, Cambridge University Press, 
London. 

In his monograph, I. Chester Jones undertakes to dis- 
cuss the adrenal cortex in all species of vertebrates. By far 
the largest segment—approximately one-half of the 
book—is properly devoted to mammals, the species in 
which these glands have been most extensively studied. 
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In this first portion of the book the author has done 
an excellent job of summarizing succinctly and clearly 
an immense quantity of material. He writes well, evalu- 
ates the many separate investigative findings critically, 
and presents a thoughtful synthesis. The chapters on the 
adrenal steroid hormones, their biosynthesis, and the 
control of adrenocortical secretion are particularly well 
executed. The majority of his discussions are remarkably 
up to date, although it is inevitable that there are oc- 
casional instances in which very recent reports have not 
been included. This applies, for example, to the discussion 
of aldosterone. Occasionally, however, such as in the brief 
paragraph on fat metabolism, work of less recent date has 
not been mentioned. A more serious defect is the incom- 
pleteness of material covered. In this present monograph 
striking lacunae are evident; one such is the omission of 
any discussion of the influence of adrenal hormones on 
blood pressure apart from a statement that tension falls 
after adrenalectomy; another is the failure to mention the 
influence of adrenal steroids on the course of infection, 
and but cursory mention of their relationship to antibody 
formation and immunity. A third is that the interconnec- 
tions of thyroid and adrenal cortex are ignored, although 
sixteen pages are devoted to adrenal gonadal relationships. 
Most disappointing is the chapter on clinically en- 
countered abnormalities of adrenal cortical function. This 
section is limited to seven pages which necessitates little 
more than outline presentation of the several disease 
states. Even in this outline several of the statements re- 
quire qualification. The claim certainly demands modifi- 
cation that Waterhouse-Friderichsen syndrome is acute 
adrenal insufficiency, and that in all cases massive hem- 
orrhage into the adrenals occurs. Indeed, many are of 
the opinion that the syndrome is the result of overwhelm- 
ing sepsis alone, since instances of the clinical condi- 
tion have been reported in which the adrenals at autopsy 
have shown no lesions. The statement that changes in 
gonadal function necessarily occur in Addison's disease 
also needs revision in the light of the number of suc- 
cessful pregnancies now on record in Addisonian pa- 
tients on satisfactory maintenance. Finally, the failure to 
mention hyperaldosteronism is an obvious oversight. 

From the point of view of the clinician the second 
half of the book, devoted to fish, amphibia, reptiles, 
birds and the platypus, is of limited interest. Tantaliz- 
ingly little is known of the function of the adrenal cor- 
tex in many of these species. 

Without more such information the variations of the 
gross and microscopic anatomy of the glands has at 
present little physiological interest and remains simply 
a cataloguing. 
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DIABETES MELLITUS. By Dr, B. Hejda and Prof. J. 
Syllaba. pp. 266, Statni Zaruvotnické Nakladatelstvi, 
Prague, 1950. 

This little volume presents a good summary on dia- 
betes. Dr. Hejda wrote the first part which deals with: 
insulin, etiology and pathology, pathological physiology, 
laboratory methods. It is well done and brought up to 
date. 

The second part is written by Dr. Syllba and deals 
with the clinical aspects of diabetes in all its phases 
and complications. The author shows good knowledge 
of the world literature, and his own views and treat- 
ment are presented in great detail and are rational. It was 
a pleasure to read the book, and to see how closely the 
Prague school follows all that is happening in the world 
at large. Unfortunately it is written in Czech and thus 
accessible to a very small percentage of the scientific 


world at large. 


DIABETES MELLITUS WITH EMPHASIS ON CHILDREN 
AND YOUNG ADULTS. By T. S. Danowski, M.D., Pro- 
fessor of Research Medicine, Children’s Hospital, Uni- 
versity of Pittsburgh. $13.50, pp. 510, The Williams 
and Wilkins Company, Baltimore, 1957. 

This book is an excellent review of the basic knowl- 
edge presently available, regarding juvenile diabetes as 
viewed especially from the biochemical standpoint. The 
author effectively uses his extensive original data to il- 
lustrate the fundamental alterations in intermediate me- 
tabolism, and to draw comparisons and contrasts between 
the clinical manifestation and characteristics of diabetes 
in children and adults. A thorough bibliography after 
each chapter with a careful table of contents makes this 
a very valuable reference book. Dr. Danowski lucidly 
discusses the pathologic physiology of diabetes. His 
strongest section reviews the hormonal factors and va- 
rious aspects of fluid and electrolyte disturbances. The 
author gives detailed information on the biochemical 
changes, occurring with treatment of juvenile diabetes in 
coma and acidosis, but less information on the day-to-day 
care of the non-acidotic diabetic child. The therapy of 
the young diabetic with a discussion of the various types 
of insulin is brief but thorough; however, the section on 
dietary management is somewhat limited. The book 


includes an excellent review of the relationship of ex- 
perimental diabetes to human diabetes. It also includes 
information and a well written section on growth and 
development as well as sections dealing with vascular 
and other complications of the disease. 

The book has its greatest value in bringing together 
most of the current knowledge of the field and the very 
lucid discussion of the biochemical changes occurring 
during treatment of acidosis. It is recommended highly 
for anyone who has a serious interest in the management 
of children with diabetes mellitus. 


NoraDRENALINE. By U. S. von Euler. $11.50, pp. 382, 
Charles C Thomas, Springfield, Illinois, 1956. 

This monograph by von Euler is a compilation of 
studies on noradrenaline. After an introduction by Sir 
Henry Dale and a brief historical review, there are sec- 
tions dealing with the chemical properties, metabolism, 
preparation and purification, and means of assay of the 
compound. These sections are thorough, and the descrip- 
tions of analytical methods are especially good. Follow- 
ing this, the pharmacology of noradrenaline is well re- 
viewed. However, the section on carbohydrate metabo- 
lism is somewhat brief. Eight publications are listed as 
dealing with the effects of noradrenaline and adrenaline 
on glycogenolysis and glycemia. The author summarizes 
these reports by stating that “all agree that the actions 
of noradrenaline in this respect are very slight and only 
about one-fifth to one-tenth of that of adrenaline.” Finally, 
the last two chapters deal with the urinary excretion of 
noradrenaline in pathologic conditions, and the thera- 
peutic use of the drug in hypotensive states. Compari- 
sons are made with adrenalin throughout. 

The bibliography is extensive, with coverage of ap- 
proximately 750 publications through 1953. The con- 
tents are well organized so that matter and references 
dealing with any particular aspect of noradrenaline can 
be easily found. There are really few criticisms that can 
be made of this book. The author is an eminent author- 
ity in the field. The book should be of greatest interest 
to physiologists, anesthesiologists, and those working in 
the field of hypertension, It will serve as a useful refer- 
ence book for anyone desiring to obtain information 
about noradrenaline. 
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Abramson, Daniel J. (Department of Surgery, George- 
town Univ. School of Medicine, Washington, D. C.): 
DiaBETES MELLITUS: CHOLECYSTECTOMY. Ann. Surg. 


145:371-78, March 1957. 

The author reviewed twenty-five cases of concomitant 
diabetes and cholecystectomy at Georgetown University 
and District of Columbia General Hospitals from 1945 
through 1954. His findings were as follows: 1. The in- 
stance of acute inflammation and jaundice was higher in 
the diabetic; 2. diabetes preceded gallbladder disease in 
ratio of 2:1 in the cases reviewed; 3. acute pancreatitis 
occurred in two patients and chronic pancreatitis in 
three patients; 4. fatty infiltration was present in the 
livers of three patients biopsied; 5. hepatic dysfunction 
was found in fifteen patients tested. In most of the pa- 
tients the diabetic state improved following surgery. 

The author concludes that the same indications pertain 
for diabetics as for nondiabetics with the added con- 
siderations as follows: 1. There is a higher instance of 
jaundice and acute inflammation in diabetic patients; 2. 
cholecystectomy removes a focus of infection; 3. at times, 
cholecystitis appears to be an etiologic agent. 





Ablvin, Robert C.; and Bauer, Walter C. (Dept. of 
Pathology, Washington University Sch. of Medicine, 
St. Louis, Mo.): LUTEINIZED Cysts IN OVARIES OF 
INFANTS BoRN OF D1ABETIC MOTHERS. A.M.A. Am. 
J. Dis. Child. 93:107-09, February 1957. 

The ovaries of five newborn infants born of diabetic 
mothers were examined, and luteinized follicular cysts 
were found in three. The incidence of leuteinized follicu- 
lar ovarian cysts was higher in infants with a history of 
maternal diabetes than in a large control group. 


Altschule, Mark D.; Goncz, Rose-Marie; Holliday, Phyl- 
lis D. (McLean Hosp., Waverly, Mass., and Harvard 
Medical Sch., Boston, Mass.): CARBOHYDRATE META- 
BOLISM IN BRAIN DISEASE: X. LACK OF EFFECT OF 
CHLORPROMAZINE AND RESERPINE ON ABNORMAL 
CARBOHYDRATE METABOLISM IN CHRONIC SCHIZO- 
PHRENIA. A.M.A. Arch. Int. Med. 99:892-95, June 
1957. 

Studies of carbohydrate intermediary metabolism in 
five patients with chronic schizophrenia were made after 
each subject had taken chlorpromazine or reserpine, or 
both, for between seven and nineteen months. All 
showed clinical improvement while receiving these 
drugs, but the carbohydrate metabolism remained mark- 
edly abnormal in each case. These findings suggest that 
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chlorpromazine and reserpine improve behavior but do 
not modify the underlying disease process. 


Atkinson, R. M.; Parsons, B. ].; and Smith, D. H. 
(Dept. of Physiol., University of Sheffield, England) : 
THE INTESTINAL ABSORPTION OF GLUCOSE. J. Physiol. 
135:581-89, March 11, 1957. 

The fate of uniformly labeled C!4-glucose introduced 
into the lumen of the dog’s intestine has been studied. 
Venous blood leaving a loop of the intestine provided 
with an intact arterial blood supply was chilled and col- 
lected under liquid paraffin. It was found that 70 to 80 
per cent of the glucose disappearing from the intestine 
is accounted for as glucose in the mesenteric venous 
blood, 7 to 17 per cent as lactic acid, and insignificant 
amounts as carbon dioxide, alanine and pyruvic acid. 

The specific activity of the glucose remaining in the 
intestine at the end of the experiment was almost the 
same as that at the beginning, showing that while glu- 
cose moved out of the intestine into the blood, none 
moved in the other direction. 


Baar, H. S.; and Wolff, O. H. (Children’s Hosp., Univ. 
of Birmingham, Birmingham, England): PANCREATIC 
NECROSIS IN CORTISONE-TREATED CHILDREN. Lancet 
1:812-15, April 20, 1957. 

The authors report two children in whom pancreatic 
necrosis occurred following corticoid therapy for asthma 
and dermatomyositis, respectively. They infer that the 
pancreatic necrosis apparently has been caused by the 
corticoid therapy. 


Balfour, John; and Ankenman, G. J. (Vancouver Genl. 
Hosp., Vancouver, British Columbia, Canada): ATONIC 
NEUROGENIC BLADDER AS A MANIFESTATION OF DIA- 
BETIC NEUROPATHY. J. Urol. 76:746-52, December 


1956. 
Two cases of atonic neurogenic bladders as a compli- 


cation of diabetic neuropathy have been presented. As in 
cases reported previously, excellent results have been ob- 
tained by transurethral resection of the bladder neck. The 
pathogenesis is uncertain, but the entity is probably the 
result of abnormalities of metabolism, usual in chronic 
unregulated diabetes. Occlusive vascular disease or thia- 
mine deficiency may be contributory. The incidence is 
probably greater than realized generally, and such pos- 
sibility should be considered in any established case of 
diabetes mellitus. A simple estimation of residual urine 
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and careful genitourinary history might give the clue to 
institute further urological investigation. The clinical 
picture is very similar to that of “‘tabetic’ bladder. 
Beardwood, Joseph T., Jr. (University of Pennsylvania, 
Philadelphia, Pa.): DiaBpetic Aciposis. Maryland M. J. 
6:58-62, February 1957. 

Diabetic acidosis is a diminishing, but ever-present 

threat in the diabetic. With the aid of antibiotics, mor- 
tality rate is greatly improved, and the incidence of its 
occurrence can be greatly diminished by proper educa- 
tion of the profession and laity. 
Bencosme, Sergio A.; and Lazarus, Sydney S. (Queen’s 
University, Kingston, Ontario, Canada): THE PAN- 
CREAS OF CORTISONE-TREATED RABBITS: A PATHO- 
GENIC Stupy. A.M.A. Arch. Path. 62:285-95, October 
1956. 

An attempt is made to determine the pathogenesis of 
the diffuse ductular hyperplasia, previously reported to 
occur in cortisone-treated rabbits. In the present study, 
it is found that definite lesions are observed as early 
as eight days, and that neither antibiotics nor vitamin 
supplements (A, B, C, or D) are influencing the mor- 
phologic pattern. 

The pancreas from animals with alloxan diabetes, or 
from rabbits subjected to partial or complete starvation, 
does not present the ductular change, associated with 
cortisone therapy. However, definite similarities are found 
between the morphology of the duct-ligated pancreas 
and the morphology of the cortisone-treated pancreas. 


Bookman, John ].; Joelson, Robert H.; Toll, William 
G.; Baker, Herman; and Dolger, Henry. (Mount Sinai 
Hosp., New York, N. Y.): DiaBeTIC RETINOPATHY: 
LACK OF CORRELATION WITH VITAMIN B,, EXCRETION. 
Am. J. of Clin. Nutrition 5:26-28, January-February 
1957. 

In this study 50 #g. of vitamin B,, was injected in- 

tramuscularly into three groups of subjects, consisting 
of normals, diabetic patients without retinopathy, and 
diabetics with retinopathy. Using three microbiologic 
methods of analysis, no statistically significant differences 
were found in the amount excreted in the urine during 
eight hours among the three groups. 
Boughton, C.; and Perkins, E. (St. Thomas’s Hosp., 
London, England): PREGNANCY IN DIABETIC WOMEN: 
AN ANALYSIS OF A SERIES. J. Obst. & Gynaec. Brit. 
Emp. 64:105-12, February 1957. 

The abortion rate in diabetic women, as far as can 
be ascertained in this series, is higher than in non- 
diabetic women. 

The toxemia rate was high, and toxemia tended to 
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appear early in the last trimester. Where intra-uterine 
death occurred, it occurred mostly between the twenty- 
eighth and thirty-sixth weeks (six cases out of seven), 
and was almost invariably associated with toxemia. Since 
the toxemia factor was associated with more than 50 
per cent of the total fetal wastage, any measure which 
reduces the incidence of toxemia should reduce the 
fetal loss. It seems that the shorter the time which the 
fetus is allowed to spend in a toxemic diabetic environ- 
ment, the better, and the risks of prematurity have to 
be weighed carefully against this, taking the history of 
previous pregnancies into consideration in the individual 
case. 

The fetal mortality in this series seemed to bear no 
relationship to the severity or duration of the mother’s 
diabetes. 





Bowman, Roger H. (Dept. of Biol., Bucknell Univer- 
sity, Lewisburg, Pa.) : THE INFLUENCE OF THE ADREN- 
AL MEDULLA ON MUSCLE GLYCOGEN IN NORMAL AND 
HYPOPHYSECTOMIZED RATS. Endocrinology 58:158- 
62, February 1956. 

In both normal and hypophysectomized rats the remov- 
al of the adrenal medulla resulted in elevation of muscle 
glycogen levels. Adrenalectomy in normal rats resulted 
in some elevation of diaphragm glycogen values, where- 
as hypophysectomized rats showed higher values in all 
muscles than seen when the animals were only hypo- 
physectomized. 

The experiments seem to indicate that muscle glyco- 
gen is continuously under control of the adrenal medulla, 
and during starvation or other stress its function is suf- 
ficient to lower muscle glycogen. 





Breneman, James C. (Borgess Hosp., Kalamazoo, Mich.) : 
CLINICAL UsE OF TOLBUTAMIDE (ORINASE) IN OFFICE 
AND HoME Care OF Diabetics. J.A.M.A. 164:627-33, 
June 8, 1957. 

A clinical study of forty-five patients treated in the 
physician’s office. The majority of patients with adult 
diabetes responded very satisfactorily to tolbutamide 
therapy. Insulin was found to be necessary in cases of 
infections of a significant magnitude, trauma and surg- 
ery. No side effects were noted that mandated discon- 
tinuing tolbutamide therapy. In three patients it was 
necessary to discontinue tolbutamide therapy because of 
repeated periods of hypoglycemia. These patients now 
show no evidence of diabetes. 


Bronk, M. Sylvia; and Fisher, R. B. (Dept. of Bio- 
chemistry, University of Oxford, England) : THE INTER- 
ACTION OF GROWTH HORMONE AND INSULIN IN THE 
PERFUSED RAT Heart. J. Physiol. 136:435-48, April 
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Highly purified fresh beef growth hormone (1g. per 
ml.) depresses maximally the glucose uptake of the 
perfused normal rat heart, both in the presence of 2 
milliunits per ml. of added insulin and in its absence. 
After storage in isotonic sodium chloride at —20° for 
two to three weeks, maximal depression is produced by 
0.1 wg. per ml. of the growth hormone preparation. A 
cruder preparation of the growth hormone shows under 
the same conditions a more complex dose-response curve 
for glucose uptake. 

It is believed that three factors, capable of affecting 
the glucose uptake of the heart, can be present in 
growth hormone preparations: factor (1), responsible 
for the depressant effect on glucose uptake, factor (2), 
responsible for the difference in form of the above- 
mentioned dose-response curves, and factor (3), pres- 
ent in both preparations, which disappears on storage 
and inhibits the response of the heart to factors (1) 
and (2). The question is considered in regard to these 
findings as to whether any data so far obtained yield 
any specific information concerning the action of growth 
hormone on carbohydrate metabolism. The growth hor- 
mone fractions were prepared by the method of Wil- 
helmi, Fishman and Russell (J. Biol. Chem. 176:735, 
1948). 

The purified preparation of beef growth hormone de- 
presses the rate of entry of galactose into cardiac muscle 
cells (in vitro), an effect opposed by addition of in- 
sulin. 





Bucht, H.; Ek, J.; and Werké, L. (St. Erik’s Hosp., 
Stockholm, Sweden): RENAL FUNCTION STUDIES IN 
DiaBETIC NEPHROPATHY. Scandinav. J. Clin. & Lab. 
Invest. 8:309-18, 1956. 

Ten patients with diabetes mellitus and vascular les- 
ions of differing severity were studied via renal vein 
catheterization. Inulin clearance was found to be a good 
measure of renal function in diabetes, while endogenous 
creatinine clearance is of limited value in determining 
the glomerular filtration rate. Maximal rates of reab- 
sorption for glucose and for para-amino-hippurate 
(PAH) give no further indication of the extent of 
the renal damage than the determination of the inulin 
clearance. 

The kidney in diabetic nephropathy consists, from a 
functional point of view, of nephrons which are com- 
pletely destroyed and others which are damaged, but 
which at low loads may be able to extract PAH more 
or less completely. This investigation suggests that a 
specific lesion for diabetes may exist with its site distal 
te the proximal part of the proximal tubule. 
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Burns, Thomas W. (University of Missouri, School of 
Medicine, Columbia, Mo.): DiaBeTEsS MELLITUS: 
PRACTICAL APPLICATION OF THE LABORATORY. Missouri 
Med. 54:515-18, June 1957. 

Laboratory aids are discussed in terms of the diag- 
nosis of diabetes mellitus and the management of the 
labile and stable types of diabetic patients and in terms 
of the early recognition and treatment of diabetic acido- 
sis. Of particular value in diagnosis is the specific en- 
zyme test for glucose, fasting blood sugar determina- 
tions and the standard oral glucose tolerance test. In 
the management of the brittle diabetic patient, the 
quantitative estimation of glucose lost in the urine per 
twenty-four hours is not difficult to perform and is of 
great value in assessing the patient’s nutritional status 
as well as in controlling his diabetes. The bedside test 
for ketonemia is worthwhile for early detection of dia- 
betic acidosis and its subsequent treatment. 


Carleton, John L.; Greben, Stanley E.; and Schulman, 
Jerome L. (The Johns Hopkins Hosp., Baltimore, Md.) : 
HYPOTENSIVE REACTION FOLLOWING THE USE OF 
Giucacon. A.M.A. Arch. Int. Med. 99:817-18, May 


1957: 
Presentation of a case in which a severe hypotensive 


episode followed the administration of a solution of 
glucagon intravenously. The skin test twenty days later 
indicated a sensitivity to glucagon. Subcoma doses of 
insulin had been administered during psychiatric treat- 
ment five years previously. 


Carrington, Elsie R.; Shuman, Charles R. and 
Reardon, Helen S. (Dept. of Ped., Temple University 
Sch. of Med. and Hosp. and St. Christopher's Hosp. for 
Children, Philadelphia, Pa.) : EVALUATION OF THE PRE- 
DIABETIC STATE DURING PREGNANCY. Obstet. & Gynec. 


9:664-69, June 1957. 

A prediabetic state associated with pregnancy was de- 
tected in ninety-two instances by means of glucose tol- 
erance tests performed in 621 patients. This condition 
was suspected on basis of a history of previous neo- 
natal mortality, stillbirths, large babies, family history 
of diabetes, or glycosuria during pregnancy. Diagnosis 
and grading of the prediabetic status was related to the 
values of the two-hour blood-glucose level during the 
tolerance test. The significance of this concept is demon- 
strated by the differences observed in fetal survival rate. 
In those patients diagnosed and treated antepartum, 
98.3 per cent survived, while in unrecognized cases the 
survival rate was only 71.4 per cent. Delivery before 
term occurred spontaneously or was effected by induc- 
tion of labor in 50 per cent of the patients diagnosed 
antepartum. The remainder were carried to term un- 
eventfully. Recognition of this metabolic abnormality 
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permits treatment by diet with the use of insulin when 
indicated by persistent postprandial hyperglycemia. Early 
detection of the prediabetic state during pregnancy, strict 
prenatal supervision, optimum timing of delivery, and 
early care of the newborn are the prerequisites for im- 
provement in fetal salvage where this condition exists. 


Chambers, David C.; Watt, Philip; Smith, Kendrick A. 
(Queen of Angels Hospital, Los Angeles, Calif.) : Dia- 
BETES MELLITUS IN A SIXTY-SEVEN-DAY-OLD INFANT. 
J.A.M.A. 164:970-71, June 29, 1957. 

A case of diabetes mellitus in a sixty-seven day old 
infant is reported. Diabetic coma was controlled rapidly 
through the use of insulin and intravenously given 
fluids. Diabetic acidosis as a cause of coma in infants 
must be considered in differential diagnosis. 


Cohen, Alan §. (Massachusetts Genl. Hosp., Boston, 
Mass.): JUVENILE DIABETES: ONSET AND MANAGE- 
MENT OF TWELVE RECENTLY DISCOVERED CASES. Bos- 
ton M. Quart. 7:115-21, December 1956. 

A detailed study of the background, onset, initial and 
follow-up therapy is presented for a group of twelve 
recently discovered juvenile diabetics. The ease of man- 
agement of these patients during the initial year of 
therapy through cooperation of professional workers is 
noted. It is pointed out that the management of the 
juvenile diabetic involves not only the understanding 
of diet and insulin, but also the emotional background 
of the patient. 


Cohen, Ben (Johannesburg, South Africa): THE ORAL 
TREATMENT OF DIABETES MELLITUS WITH N-(q- 
METHYLBENZENESULPHONYL-N-BUTYLUREA (D-860) 
(RASTINON): A REVIEW OF RECENT LITERATURE. 
South African Practitioner 1:494-95, October-November 
1956. 

Rastinon is indicated for treatment of certain types of 
diabetes, but investigations have not been continued 
for a sufficiently long period as to permit a final judg- 
ment on prolonged therapy. Rastinon appears to be well 
tolerated in therapeutic doses. Apart from blood-sugar- 
lowering action no other pharmacological effects have 
been observed so far. 

Rastinon does not cure diabetes mellitus. The patient 
still needs to be maintained on a diabetic diet. It is, 
suitable, however, for treatment of patients whose insulin 
requirements are low, or who are still capable of secret- 
ing some insulin on their own when given glucose. 
Davies, ]. (Dept. of Anat., Washington University 
School of Medicine, St. Louis, Mo.): DIFFERENTIAL 
PERMEABILITY OF THE RABBIT PLACENTA TO VARIOUS 
SuGars. Am. J. Physiol. 188:21-24, Jan. 9, 1957. 

The permeability of the rabbit placenta at term has 
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been studied by following maternal and fetal blood 
sugar curves during controlled intravenous infusion of 
the following sugars: Disaccharides (sucrose, lactose, 
maltose); hexoses (glucose, mannose, galactose, sorbose, 
fructose) ; pentoses (arabinose, xylose, ketoxylose) and 
the trisaccharides (dihydroxyacetone and glyceraldehyde). 
The disaccharides were almost completely blocked by 
the placenta. Among the hexoses, and possibly among 
the pentoses, there was a clear differential permeability 
on the part of the placenta to the aldo-sugars on the 
one hand and the keto-sugars on the other. Results with 
the trisaccharides were inconclusive. The results were 
held to furnish added proof for the complex character 
of the placental transfer mechanism for sugars. 


Editorial. TOLBUTAMIDE FOR DIABETES MELLITUS. 
J.A.M.A. 164:562-64, June 1, 1957. 

The comprehensive summary emphasizing the respon- 
sibilities of the physician in prescribing tolbutamide with 
special attention to the selection of the proper type of 
patient to receive the preparation. Emphasis is placed 
on indications, contraindications and dangers involved. 


Fabrykant, Maximilian; Jackson, Raymond S.; and Ashe, 
Benjamin I. (Dept. of Med., New York University Post 
Grad. Med. Sch. & the Univ. Hosp., New York, New 
York): CUSHING’s SYNDROME: FAILURE TO DEMON- 
STRATE DIMINISHED PERIPHERAL GLUCOSE UPTAKE 
AND INSULIN RESISTANCE. Metabolism 6:116-26, 
March 1957. 

The authors report four cases of Cushing’s syndrome 
studied during the past six years. They conclude from 
their studies that sensitivity to insulin may remain norm- 
al, and the peripheral uptake of glucose may be re- 
duced, normal or increased. The observed variability in 
responses to oral glucose loading and to intravenous 
insulin administration lead them to conclude that (a) 
in Cushing’s syndrome tissue glucose uptake may be 
normal or high, that (b) such patients may show satis- 
factory drop in blood glucose during insulin tolerance 
tests, and that (c) secondary hypoglycemia during oral 
glucose tolerance or normal intolerance tests do not 
exclude Cushing’s syndrome. 


Foa, Piero P. (The Chicago Med. Sch., Chicago, IIl.): 
DERIVATIVES OF SULFONYLUREA WITH HYPOGLYCEMIC 
ACTION. Chicago M. School Quart. 17:145-53, August 
1956. 

Sulfonylureas cause marked hypoglycemia when taken 
orally or parenterally. Patients receiving the drug may 
be controlled only partially, become asymptomatic and 
the temptation may be great to compromise in order to 
avoid the use of insulin. This is potentially dangerous, 
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since little or nothing is known about the effects of sul- 
fonylureas on diabetic complications. Sulfonylureas are 
useful investigative tools and, if used under proper 
supervision, may become very useful drugs for a large 


number of diabetics. 


Freedman, Lawrence R. (Dept. of Pathology, The Johns 
Hopkins University Sch. of Med., Baltimore, Md.): 
INAPPARENT DIABETES MELLITUS AS A CAUSE OF 
RENAL INSUFFICIENCY DUE TO KIMMELSTIEL- WILSON 
Lesions. Bull. Johns Hopkins Hosp. 100:132-38, March 
1957. 

Two patients are described who died from renal fail- 
ure caused by the Kimmelstiel-Wilson type of glomeru- 
lar damage, known to be associated with diabetes mel- 
litus. Blood and urine sugar values were within normal 
limits for the entire time during which they were medi- 
cally observed. Despite this, these patients should be 
considered in all probability as to have had diabetes 
mellitus, particularly since one of them showed wide- 
spread hyalinization of the islets of Langerhans, and 
the other partial destruction of the pituitary which could 
have masked a diabetic state. 

It is emphasized that a normal blood sugar and a 
negative urine sugar throughout the observed course of 
the patient’s illness are not sufficient to dismiss diabetes 
mellitus as possible cause of retinitis, peripheral neuro- 
pathy and chronic renal insufficiency. 
von Glahn, William C. (Dept. of Pathology, Louisiana 
State University Sch. of Med., New Orleans, Louisiana) : 
NECROSIS OF THE ISLANDS OF LANGERHANS IN RENAL 
INSUFFICIENCY: REPORT OF THREE CASES. Lab. Invest. 
5:236-44, March-April 1956. 

Three cases of necrosis of the islands of Langerhans, 
occurring in patients dying of renal insufficiency, have 
been reported. A relationship between the renal insuf- 
ficiency and the necrosis of the islands cannot be proved. 


Goodwin, R. F. W. (Dept. of Veterinary Clinical Stud- 
ies, University of Cambridge, Cambridge, England): 
THE RELATIONSHIP BETWEEN THE CONCENTRATION 
OF BLoop SUGAR AND SOME VITAL Bopy FUNCTIONS 
IN THE NEW-BORN Pic. J. Physiol. 136:208-17, April 3, 
1957. 

The new-born pig, when starved, soon dies in a state 
of severe hypoglycemia. The heart rate, respiratory rate 
and body temperature decline with the blood glucose 
concentration. The starving new-born calf maintains its 
blood glucose concentration for a week or more, and 
it shows during this time no serious metabolic deterior- 
ation. Even when the blood sugar is reduced with in- 
sulin, the calf behaves, except for certain neurological 
signs, as if indifferent to severe hypoglycemia. The 
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metabolic stability during starvation, therefore, does not 
derive solely from the ability to maintain the blood 
sugar concentration. 

If the blood glucose concentration of the new-born pig 
is reduced with insulin, a syndrome of complete col- 
lapse develops, indistinguishable from the hypoglycemic 
state seen during starvation. It, therefore, appears likely 
that the metabolism of the new-born pig is governed 
by the concentration of circulating glucose. 

With increasing age the pig becomes increasingly re- 
fractory to starvation, and in the older pig, as well as 
in the new-born calf, insulin hypoglycemia has no mark- 
ed effect upon the general body metabolism. 


Gordonoff, T.; and Suter, H. ACTION OF THE BLOOD- 
SUGAR LOWERING SULFONAMIDES ON THE GLYCOGEN 
CONTENT OF Rat Liver. Schweiz. med. Wchnschr. 86: 
1417-18, Dec. 15, 1956. 

Five-tenths grams of BZ-55 per rat diminish the gly- 
cogen content of the liver of test animals (German). 


Guerrero, Francisco G.; and Navarro, Manuel D. (Uni- 
versity of St. Tomas, Manila, P. I.): PLANTyM ——-AN 
ADJUVANT IN THE TREATMENT OF DIABETES MEL- 
Litus. Philippine M.A. 33:21-24, January 1957. 

“Plantym” is a preparation containing Vitamin E, 
B-complex vitamins, ascorbic acid and magnesium gly- 
cerophosphate. 

The authors observed in a group of nine cases the 
usefulness of ‘‘Plantym’’ as an adjuvant in the treatment 
of diabetes mellitus. 


Heinivaara, Olli (Dept. of Anat., University of Hel- 
sinki, Helsinki, Finland): SruDIES ON THE EFFECT OF 
BZ-55 AND D-860 ON THE PANCREATIC ISLET CELLS OF 
RAT. Ann. med. int. Fenniae 45:63-66, 1956. 


Rats were administered the new hypoglycemic 
agents BZ-55 and D-860 in a daily dose of 0.45—0.60 
gm./kg. of body weight during one month. After the 
animals had been killed their pancreatic islet cells were 
studied microscopically. Methylblue-eosin and chrom- 
hematoxylinphloxin stain, silver impregnation method 
and methods for demonstrating acid and alkaline phos- 
phatase activity were used, but no differences between 
the experimental and control animals were established. 
The opinion is expressed that the mode of action of 
these hypoglycemic agents may be extrapancreatic in 
origin. 


von Holt, C.; Kracht, J.; Kroner, B.; and von Holt, L. 
(Physiol.-Chemistry Institute and the Pathol. Institute 
of the University of Hamburg, Germany) : THE EFFECT 
OF N,-SULFANILYL-N,-N-BUTYLCARBAMID ON CARBO- 
HYDRATE METABOLISM AND THE ENDOCRINE SYSTEM. 
Schweiz. med. Wchnschr. 86:1123-44, Sept. 29, 1956. 
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The authors refer to their previous demonstration 
that BZ-55 causes in the beta cells of the rat both 
degranulation and increase of the diameter of the cell 
nucleus. These changes were observed as well in the 
normal rat after adrenalectomy or hypophysectomy. 
Since BZ-55 is ineffective after destruction of the beta 
cells by alloxan, the authors believe it probable that 
the hypoglycemic action of BZ-55 is due to an increased 
secretion of insulin. They feel that the alternate hypo- 
thesis of an action via the alpha cells and inhibition 
of glucagon secretion is no longer tenable. 

In the present paper further experimental evidence 
for an insulin stimulating action of BZ-55 is presented. 
Thus, steroid diabetes in rats is less marked, if simul- 
taneously the animals are treated with BZ-55. The liver 
glycogen increases less than after cortisone alone, and 
cortisone induced pyknosis in the zona fasciculata is 
less significant; on the other hand, the increase of the 
nuclear diameter of the beta cells in the pancreatic islets 
is greater than after cortisone alone. These findings 
are interpreted as evidence that BZ-55 prevents atrophy 
of the adrenal cortex by cortisone and increases beta cell 
activity. 

In long-term feeding experiments it was found that 
BZ-55 causes a gradual decrease of the glucose toler- 
ance. This occurs in rats after treatment periods of more 
than twenty-two weeks but in dogs already after four 
weeks. The islets of Langerhans of such animals appear 
to be increased in size, and the beta cells show partly 
degranulation, partly hydropic degeneration. The adrenal 
cortex appears normal and does not show the signs of 
stimulation which could be observed in short-term ex- 
periments. The thyroids, however, are generally large 
and show nuclear swelling, hyperemia, depletion of 
colloid and epithelial enlargement as after antithyroid 
drugs; occasionally small nodular hyperplasias or micro- 
adenomata are noted. In the anterior hypophysis vacuo- 
lized and polygonal beta cells and partially degranu- 
lated acidophile cells are observed. In the liver increased 
glycogen content is accompanied by evidence of fatty 
degeneration. 

While the changes in thyroid and pituitary are in- 
terpreted as results of BZ-55 induced thyroxin deficiency, 
the authors feel that the findings in steroid diabetes as 
well as the islet cell and glucose tolerance changes in 
the long-term experiment support the concept of stimu- 
lation of insulin production. They emphasize that the 
hypoglycemic sulfonylureas have a pluriglandular action, 
and that this fact makes it difficult to elucidate specific 
effects upon the islet cells of the pancreas. 
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Howick-Smith, C. (Thames Ditton, Surrey, England) : 
TREATMENT OF A DiaBetic Doc (Correspondence). 
Lancet 1:1044, May 18, 1957. 

The author reports on a diabetic dog controlled by 
diet and insulin. The vicissitudes of diabetic manage- 


ment in this species are discussed. 


Jackson, W. P. U.; and Woolf, N. (Groote Schuur 
Hosp., Univ. Cape Town, Union of South Africa) : 
FURTHER STUDIES IN PREDIABETES. Lancet 1:614-17, 


March 23, 1957. 
The authors describe the syndrome of “‘prediabetes”’ 


with particular reference to its diagnosis. The great 
diagnostic value of minor abnormalities in glucose tol- 
erance curves and of islet hypertrophy in the pancreas 
of stillborn babies is considered. 


Karvinen, Esko; Lin, T, M.; and Ivy, A. C. (Dept. of 
Clinical Science, University of Illinois College of Medi- 
cine, Chicago, Ill.): IMPAIRMENT OF TRIGLYCERIDE 
ABSORPTION BY THE EXCLUSION OF PANCREATIC JUICE 
IN THE RAT. Am. J. Physiol. 188:61-65, January 1957. 

A study of fat balance was conducted on twelve rats 
with and twelve rats without exclusion of the pan- 
creatic juice, using tripalmitin, trielaidin, triolein, tal- 
low and corn oil, or fats varying in regard to melting 
point, saturation, and cis and trans isomerism. Exclu- 
sion of pancreatic juice decreased the utilization of these 
fats. The decrement ranged from 14 to 18 per cent of 
the intake of the different fats when fed at a level of 
8 per cent of the dry weight of the diet .The extent of 
impairment expressed in millimols could not be cor- 
related with the physical and chemical characteristics of 
the fats; but if expressed as percentage of fat absorbed, 
the impairment was related to the melting point of the 
fat. The fecal elimination of soap was increased signifi- 
cantly by the exclusion of pancreatic juice in the case 
of corn oil, triolein and tallow; was not significantly 
increased in the case of trielaidin; and was decreased 
in the case of tripalmitin, due probably to decreased 
hydrolysis. Exclusion of pancreatic juice increased the 
elimination of endogenous total lipid and of soap. Fat 
utilization was correlated more closely with the melting 
point of the fats than with their saturation, suggesting 
that the melting point is concerned with determining 
utilization more than any other characteristic of the 


fat. 





Kemp, James A. (USPHS Hosp.): AMELIORATION OF 
DraBETES MELLITUS DUE TO PiTuITARY NECROSIS. 
A.M.A. Arch, Int. Med. 99:814-16, May 1957. 
Report of a sixty-year-old diabetic male with cerebral 
metastasis from carcinoma of the larynx who developed 
terminal amelioration of diabetes with sudden drop in 
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insulin requirement. Clinical and autopsy evidence in- 
dicated that this was an example of the Houssay phe- 
nomenon, presumably secondary to involvement of the 
blood supply to the pituitary gland by metastatic car- 
cinoma. 


Lenzner, Alfred R. (685 Delaware Ave., Buffalo, 
N. Y.): FrRucrosuriA: REPORT OF A CASE. Ann. Int. 
Med. 45:702-06, October 1956. 

A patient with a strong family history of diabetes was 
first thought to have renal glycosuria. Later investiga- 
tion revealed fructosuria and an elevated fasting blood 
fructose level. The patient was a twenty-year-old soldier 
seen because of dizzy spells. 





Lewis, J. G. (London, N.W. 3): TEAR-TEST FOR GLU- 
cosE (Correspondence). Brit. M. J. 1:585, March 9, 


1957. 

The author describes the use of Clinistix for the de- 
tection of glucose in lacrimal secretion. Clinistix is 
either applied to the conjunctiva of the lower eyelid 
until the tip is moistened, or alternately a tip moistened 
with water is applied for a few minutes. The results 
should be read after two to three minutes, preferably 
in daylight against a white background. If glucose is 
present a blue color will develop. Occasionally a mo- 
mentary stinging in the eye occurs which can be mini- 
mized by moistening the stick with water or by cutting 
the stick lengthwise to reduce its bulk. It has been found 
that a blue color appears in patients with a blood sugar 
above 200 mg. per cent. The depth of the color is 
roughly related to the blood sugar level. Where this 
value is over 300 mg. per cent often a blue reaction de- 
velops very quickly. It is suggested that this ‘‘tear test”’ 
might be used to supplement existing orthodox tests. It 
might be especially useful in suspected diabetics in 
whom a urine specimen is not readily obtainable. Dia- 
betics with heavy glycosuria due to low renal threshold 
tend to give a weaker reaction than those with higher 
levels. As a bedside test, it is possible that this could 
be an extra point of information in the differential diag- 
nosis of coma in the diabetic. 


Lin, T. M.; Kim, K. S.; Karvinen, Esko; and Ivy, A. C. 
(Dept. of Clinical Science, University of Illinois College 
of Medicine, Chicago, Ill.): EFrrecr oF DIETARY 
PECTIN, ‘“PROTOPECTIN” AND GUM ARABIC ON CHO- 
LESTEROL EXCRETION IN Rats. Am. J. Physiol. 188: 
66-70, January 1957. 

The addition of pectin and protopectin preparation, 
containing galactose and arabinose, to a basal diet con- 
taining no cholesterol increased the fecal excretion of 
saponifiable lipids; the absorption of endogenous cho- 
lesterol and the excretion of nonsaponifiable lipids were 
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uninfluenced. The addition of pectin to a basal diet con- 
taining cholesterol increased the excretion of fecal sa- 
ponifiable and nonsaponifiable lipids, and decreased the 
absorption of exogenous cholesterol. The addition of 
the protopectin preparation to the same diet had no - 
significant effect on the excretion of saponifiable lipids, 
but the excretion of cholesterol was decidedly reduced 
and, in two experiments out of three, occurred an ap- 
proximate equivalent increase in noncholesterol non- 
saponifiable material. The addition of gum arabic or 
arabinose to this ration produced practically no changes 
in the amount of saponifiable and nonsaponifiable fecal 
lipids and in the recovery of exogenous cholesterol in 
the feces. Only very small quantities of noncolor-develop- 
ing sterols were eliminated either on the cholesterol 
basal diet, or when this diet was supplemented with 
pectin, protopectin, gum arabic or arabinose. 


McKendry, J. B. R. (Ottawa, Ontario, Canada): FATAL 
HYPOGLYCEMIC COMA FROM THE USE OF TOLBUTA- 
MIDE (ORINASE). Canad. M.A.J. 76:572-73, April 1, 


1957: 
The author reports the case of an eighty-four year 


old man who, after three weeks of therapy with 1 gm. 
of Orinase twice daily, developed a coma which was 
ultimately discovered to be due to hypoglycemia. It was 
felt that previous lability with the use of insulin and 
the presence of anorexia may have been contributing 
factors. The author suggests that the prompt use of in- 
travenous glucose in response to hypoglycemic symptoms 
may be life-saving. 





Maengwyn-Davies, Gertrude D.; Lerman, Sidney; Po- 
gell, Burton M.; Stone, Howard H.; and Friedenwald, 
Jonas S. (Wilmer Ophthalmological Inst. of the Johns 
Hopkins University and Hosp., Baltimore, Md.): THE 
ADRENAL CORTEX IN DIABETIC RETINOPATHY: URI- 
NARY 17-HYDROXYCORTICOSTEROID EXCRETION STUD- 
1ES. Bull. Johns Hopkins Hosp. 99:16-22, July 1956. 

Diabetic patients with retinopathy excrete a signifi- 
cantly larger amount of urinary 17-hydroxycorticoster- 
oids in twenty-four hours than diabetic patients without 
retinopathy. There is no difference among the three 
groups in the urinary diurnal 17-hydroxycorticosteroid 
excretion pattern. The diabetic group as a whole shows 
a significantly smaller urinary 17-hydroxycorticosteroid 
excretion after an oral test dose of compound F, than 
do normal controls. 





Maier, C.; and Frehner, H. U. (District Hospital Man- 
nedorf, Switzerland): ABout DIABETIC COMPLICA- 
TIONS. Schweiz. med. Wchnschr. 86:1340-42, Nov. 24, 
1956. 

Among about 900 admissions to the medical depart- 
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ment of a district hospital, the authors discovered ap- 
proximately 9.5 per cent of manifest or latent diabetes. 
Latent diabetes is characterized by absence of glyco- 
suria in the presence of a fasting blood sugar below 140 
mg. per cent and a glucose tolerance test with a rise 
of the blood sugar above 190 mg. or a two hours’ 
value of more than 140 mg. (venous blood, total re- 
duction, oral intake of 75 gm. of glucose in 300 ml. 
water). The well-known diabetic complications are 
briefly discussed. 


Marczynska-Robowska, Maria (Clin. Infectious Diseases 
of Childhood, Warsaw, Poland): PANCREATIC NECRO- 
sis IN A CASE OF STILL’s DISEASE. Lancet 1:815-16, 
April 20, 1957. 

The author reports a case of pancreatic necrosis in 
a patient with Still’s disease. The possible etiology of 
the pancreatic necrosis with relation to the patient's 
other illnesses is described. 


Moss, James M. (Georgetown University School of Med- 
icine, Washington, D.C.): CLINICAL STUDIES WITH 
DEXTROTEST: SIMPLIFIED METHOD FOR THE DETER- 
MINATION OF BLOOD SuGAR LEVEL. J.A.M.A. 164: 


762-64, June 15, 1957. 
A comparison of the results obtained through use 


of Dextrotest and through use of the Folin-Wu method 
has been made in over 700 blood specimens. The ac- 
curacy of Dextrotest is sufficient as to be useful in the 
routine management of patients with diabetes mellitus. 
Dextrotest was performed as a screening procedure in 
600 nondiabetic patients. The normal person usually 
had a blood sugar level of below 125 mg. per roo ml., 
except during the first two hours after a meal, when 
it sometimes rose to 150 mg. per 100 ml. A higher 
blood sugar level is suggestive of diabetes. 

The simplicity and economy of this test make it useful 
in the detection and control of diabetes when more pre- 
cise tests are unavailable, too inconvenient, or too ex- 
pensive. The fact that this test can be performed in five 
minutes makes it valuable in emergency situations, and 
also makes it possible for the physician to tell the dia- 
betic patient returning for treatment what his approxi- 
mate blood sugar level is while he is still in the office. 

In an addendum the author describes several modi- 
fications which have made the test more accurate. With 
an experienced technician the average variation of levels 
has been from 10 to 20 per cent in 200 recent duplicate 
blood sugar determinations. 

Nath, M. C.; and Behki, R. M. (Univ. Dept. of Bio- 
chem., Nagpur, India): FURTHER STUDIES ON THE 


PREVENTION OF DEHYDROASCORBIC ACID DIABETES BY 
THE CONDENSATION PRODUCT OF GLUCOSE AND 
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ACETOACETATE. Metabolism 6:127-33, March 1957. 
The daily urinary excretion of dehydroascorbic acid, 
ascorbic acid and diketogulonic acid was studied in rats, 
given daily intravenous injections of dehydroascorbic 
acid, Protection against the diabetogenic effect of dehy- 
droascorbic acid was achieved with the above condensa- 
tion product when given two minutes prior to the ad- 
ministration of dehydroascorbic acid. Less diketogulonic 
acid and ascorbic acid was excreted and more was found 
in the tissues of animals protected by the condensation 
product, while more dehydroascorbic acid was excreted 
and less found in the tissues of the unprotected animals. 


Osborn, R. A. (Derbyshire Royal Infirmary, Derby, 
England): A RAPID METHOD FOR THE ESTIMATION OF 
BLoop Sucar. Brit. M. J. 1:502-03, March 2, 1957. 
The author reports a rapid and simple method for 
blood sugar estimations which has proved very useful 
in the management of diabetic emergencies in the 


hospital. 





Patrick, S. J.; and Tulloch, J]. A. (University College 
of the West Indies, Jamaica): GLUCOSE-6-PHOSPHA- 
TASE ACTIVITY IN HUMAN D1aBeTEs. Lancet 1:811-12, 
April 20, 1957. 

The authors report the finding of increased activity 
of glucose-6-phosphatase in the liver of diabetics com- 
pared with nondiabetics. Stabilization of the diabetes was 
followed by decrease of the enzyme in thirteen patients, 
regardless of the type of diabetes and regardless of 
whether insulin or carbutamide had been administered. 


Paullada, Juan José; Kerlow Jinich, Aaron; and Durazo 
Quiréz, Francisco. (Lab. de Hormonas y Metabolismo, 
Hosp. Genl. de Mexico, Mexico, D.F., Mexico): Com- 
PARATIVE CLINICAL STUDY OF A NEW TYPE OF IN- 
SULIN (LENTE ILETIN). Rev. Méd. Hosp. Gen. 18: 


359-61, June 1955. 

A comparative clinical study was carried out between 
a new type of insulin (Lente Iletin) and protamine 
zinc insulin and NPH insulin. The effect of Lente in- 
sulin is immediate and uniform, and lasts during twenty- 
four hours. Its advantages seem to be derived from the 
fact that it is deprived of protamine, which has been 
considered as related to the development of athero- 
sclerosis and thrombotic phenomena in diabetic patients. 
Lente insulin is ideal for countries like Mexico, where 
the noon meal represents the biggest meal of the day. 
(Spanish) 


Pedowitz, Paul; and Shlevin, Edmund L. (Coll. of Med., 
State University of N. Y., N. Y. City; and Jewish Hos- 
pital, Brooklyn, N. Y.): PERINATAL MORTALITY IN THE 
UnsusPEcTED DtaBeTic. Obst. & Gynec. 9:524-32, 


May 1957. 
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1. Glucose tolerance studies should be performed on 
all patients with a poor obstetric history, unexplained 
intrauterine deaths, repeated episodes of preeclampsia, 
oversized infants, glycosuria during pregnancy, and in 
toxemia pregnancies where the fetus is large for the pe- 
riod of gestation. 2. A large premature infant should 
not invariably be attributed to miscalculation. It may be 
indicative of unrecognized diabetes. 3. While large 
babies are the rule in diabetic pregnancies, small infants 
do not rule out diabetes. 4. A glucose tolerance test is 
the most sensitive indicator of the state of carbohydrate 
metabolism. It is probably in the laboratory the earliest 
confirmatory evidence of diabetes. In suspicious cases, 
it should be repeated during the three trimesters. 5. Re- 
trospective studies of carbohydrate metabolism should 
be performed within the first week of the puerperium, 
and preferably within the first forty-eight hours. 6. The 
patient with abnormal glucose tolerance test during preg- 
nancy is a diabetic. 7. From an obstetric viewpoint, the 
various terms used interchangeably to designate a pre- 
diabetic state are confusing and should be eliminated, 
for they tend to minimize the gravity of the situation. 
These patients have a fetal loss as great, if not greater, 
than the known diabetic and their offspring have iden- 
tical embryopathy. 8. Pregnancy seems to furnish a clue 
that diabetes may exist long before it is clinically recog- 
nizable. Pregnancy is a stress that will cause a tempo- 
rary or permanent hyperglycemia in individuals with 
deficient pancreatic islet reserve. 9. As an aid in the 
detection of disturbed carbohydrate metabolism, the ex- 
amination of postprandial blood and urine specimens for 
sugar are preferable to fasting specimens. ro. In patients, 
where the hyperglycemia reverts to normal following 
pregnancy, clinical diabetes can be anticipated in the 
near or distant future. 11. Early recognition and obstet- 
ric management of the patient with an abnormal glu- 
cose tolerance curve as a diabetic will result in a marked 
improvement in fetal salvage. 12. The fetal loss in 160 
viable diabetic pregnancies since 1950 is 8.8 per cent. 





Penington, J. S. (Melbourne, Australia): SOME LimiTa- 
TIONS OF URINE SuGAR ESTIMATIONS AND THEIR SIG- 
NIFICANCE IN THE MANAGEMENT OF DIABETES. M. J. 
Australia 1:105-08, Jan. 26, 1957. 

It has been observed in the management of the dia- 
betic outpatient that results of estimation of the con- 
centration of sugar in the blood and the urine do not 
correlate regularly. Furthermore, during a glucose toler- 
ance test, sugar may appear in the urine when the blood 
Sugar concentration is decreasing, although the urine 
contained no sugar when the blood sugar concentration 
was the same, but increasing. The anomalous urine and 
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blood sugar concentrations in nine diabetic patients are 
discussed, and the importance of these findings in the 
management of the diabetic outpatient is indicated. The 
criteria for the diagnosis of a low renal threshold for 
glucose in a patient with diabetes mellitus are reviewed; 
the limitations of the concept of the renal threshold for 
glucose are indicated. 


Ramey, Estelle R.; and Goldstein, M. S. (Dept. of 
Physiol., University of Chicago, Chicago, Ill., and Dept. 
of Neurophysiology, Walter Reed Army Inst. of Res., 
Walter Reed Army Med. Center, Washington, D. C.): 
THE ADRENAL CORTEX AND THE SYMPATHETIC NER- 
vous SysTEM. Physiol. Rev. 37:155-95, April 1957. 

The adrenal cortical steroids and the epinephrines 
appear physiologically to operate largely as a functional 
unit. The multiple sites of action and character of tissue 
as well as organ responses to the two species of hormones 
are strikingly similar. Many actions attributed to the 
steroids may be ascribed, in effect, to action of the 
epinephrines. Many actions of the epinephrines are not 
elicited in the absence of steroids. Corticoids and neuro- 
humors, however, are not interchangeable. Steroids main- 
tain the integrity and responsiveness of tissues in the 
process of reacting to the epinephrines. This relationship 
is best seen on exposure to stress, when the defect of 
steroid lack may be elicited by heightened sympathetic- 
medullary activity. In the absence of the corticoids re- 
sponses to the neurohumors are progressively lost, while 
the destructive symptoms of adrenal insufficiency are 
progressively exhibited. 


Ramond, Félix, M. D. (Medical Society of Hosp., Paris, 
France): New HypoGiycemMic AGENT. (Abstract of 
paper presented at the meeting of the Medical Society 
of Hospitals in Paris, January, 1957). J.A.M.A. 164:85, 
May 4, 1957. 

Felix Ramond reported at the meeting of the Medical 


Society of Hospitals in Paris, in January that he had 
discovered a nontoxic hypoglycemic drug which may be 
taken by mouth. Having noticed that diabetes among 
natives of Morocco was sometimes cured by a mysterious 
powder, whose composition was jealously guarded, he 
was able to identify it as powdered leaves from the 
avocado, and determined that only dried leaves covered 
with fungi imperfecti had any power. This mould is 
easy to produce and is without antibiotic power. It can 
effect a lowering in glycosuria within six days when 
given three times a day in 150 mg. doses. 

Rausch-Stroomann, ]. G.; and Sauer, H. (1. Medizini- 
sche Universitatsklinik, Hamburg-Eppendorf, Univer- 


sity of Hamburg, Germany): THE 17-HyDROXxYCORTI- 
COSTERONE PLASMA LEVEL DURING TREATMENT WITH 
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CARBUTAMIDE. Klin. Wecehnschr. 35:550-51, May 15, 
1957. 

The Porter-Silber method for estimation of the plasma 
17-hydroxycorticosterone level was used in twenty-eight 
patients (twenty-two diabetics and six nondiabetics). 
Control values were estimated prior to carbutamide 
therapy, while the patients were either under dietary or 
dietary plus insulin therapy. Two grams of carbutamide 
were then given in two doses of I gm. at twelve-hour 
intervals, and blood samples were withdrawn about one 
hour and five hours after the second carbutamide dose. 
There was no statistically significant difference between 
the control levels and the treatment levels, regardless of 
whether the carbutamide had caused hypoglycemia or not. 
The authors believe that the discrepancy between their 
negative findings and the positive findings by others 
in animal experiments can be explained by dose differ- 
ences. The doses in the animal experiments were 
considerably higher. The authors doubt that therapeutic 
doses of arylsulfonylureas affect adrenal cortical func- 
tion. 


Rob, C. G. (St. Mary’s Hospital, London, England): 
DISCUSSION ON THE MANAGEMENT OF THE GANGRE- 
NOUS Foor. Proc. Roy. Soc. Med. 50:291-94, May 1957. 

The treatment of choice of a gangrenous limb is to 
restore the circulation with an arterial reconstruction 
operation. This was carried out successfully in twenty 
of our 145 patients with gangrenous toes and feet, and 
the tissue loss was small. When arterial reconstruction 
is not possible sympathectomy may help, but an amputa- 
tion is often necessary. Transmetatarsal amputations give 
very good results, when the circulation is sufficient for 
healing. In diabetic patients with infective gangrene a 
purely local excision of dead tissue will suffice. After an 
arterial reconstruction operation for a lesion of this 
type, the patient should take anticoagulants for the 
rest of his life. 


Ross, E. J]. (Univ. Coll. Hosp. Med. Sch., London; Inst. 
of Ophthalmology, London; Peter Bent Brigham Hosp., 
Boston, Mass.; Harvard Med. Sch., Boston, Mass.) : THE 
‘PERMEABILITY HYPOTHESIS OF THE ACTION OF IN- 
SULIN. Medicine 35:355-88, December 1956. 
Consideration of the permeability characteristics of 
certain cell membranes towards nonelectrolytes raises 
the question as to how a lipoid-insoluble compound 
such as glucose can penetrate the lipoprotein cell mem- 
brane. Evidence is adduced for the existence of a spe- 
cialized transport mechanism which facilitates the entry 
of glucose, and of certain other aldoses, into the cells 
of extrahepatic tissues. This mechanism fulfills the 
criteria of an enzymatically controlled transport system 
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which is not thermodynamically active. 

Present evidence suggests that insulin accelerates the 
transport of glucose across the cell membrane, and that 
this represents a principal locus of insulin action. In 
diabetes mellitus the permeability obstacle to the entry of 
glucose into the peripheral cells is considered to be the 
primary metabolic defect, and in this respect this con- 
dition may be regarded as a “disease of permeability.” 


Rowen, Manuel ].; and Weissberg, William W. (Eliza- 
beth, N. J.) : PRELIMINARY STUDY OF THE USE OF CAR- 
BUTAMIDE® IN DtaBeTiC PATIENTs. J. M. Soc. New 
Jersey 54:67-70, February 1957. 

Treatment for diabetes mellitus with carbutamide was 
given to twelve ambulatory private patients. Carbutamide 
therapy alone resulted in good control in eight patients 
and poor control in four. Carbutamide was effective in 
producing better control and lowering the previously used 
insulin dosage in two patients. 


Rubin, Herbert B.; and Weiss, Murray J. (Depts. of 
Med. of the Coll. of Medical Evangelists Sch. of Med., 
Univ. of Southern California Sch. of Med., and the Los 
Angeles County General Hosp.): DIABETIC PATIENTS 
WITH MYOCARDIAL INFARCTION — THE DIAGNOSTIC 
ACCURACY OF THE ELECTROCARDIOGRAM. California 
Med. 86:254-56, April 1957. 

A review of the electrocardiograms in fifty-three dia- 
betic patients, proven to have myocardial infarction at 
autopsy, revealed a correct diagnosis by the interpreter 
in two-thirds of the cases. In fifty-two nondiabetic cases 
the accuracy was 88 per cent. Apparently this was due 
to the fact that the patterns, masking the changes of 
myocardial infarction, were more frequent in the elec- 
trocardiograms of the diabetic patients. Left ventricular 
hypertrophy, digitalis effect and bundle branch block 
produced most of the interfering patterns. 





Schmitt, George F., Jr. (University of Miami, Miami, 
Florida): METHOD OF TEACHING DIABETIC PATIENTS. 
J. Florida M.A. 43:894-95, March 1957. 

One of the most difficult and time-consuming tasks 
confronting a physician is the instruction of diabetic 
patients in the proper method of controlling their disease. 

By the use of taped lectures, several patients at a 
time can be “personally instructed” in proper diabetic 
care. As a result, many hours are saved each week 
which the average internist spends repeating lectures 
for individual patients. Patients can attend the lectures 
as often as they wish. Many patients return in approx- 
imately six to nine months to listen again to the series. 
Complementing the lectures and the literature is a three 
dimensional display of various foods which has proved 
an effective means to educate patients. 
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Sepaha, G. C.; and Bose, §. N. (M.G.M. Med. Coll., 
Indore, India) : CLINICAL OBSERVATIONS ON THE AN- 
TIDIABETIC PROPERTIES OF PTEROCARPUS MARSUPIUM 
AND EUGENIA JAMBOLANA. J. Indian M. A. 27:388- 
91, Dec. 1, 1956. 

Twenty-one cases of diabetes treated with two indigen- 
ous drugs are reported, fourteen with pterocarpus mar- 
supium, and seven cases with Eugenia jambolana seeds. 
In six cases Basant Kusumakar Rasa was used for some 
time simultaneously with these drugs without any ap- 
preciable antidiabetic effect. Eugenia jambolana seed 
seems to have definitely more “‘antidiabetic’ property 
than pterocarpus marsupium, evident from its effect on 
42 per cent of the cases in whom it was tried. The mode 
of action of the drugs is not known. It is suggested that 
the action of pterocarpus marsupium might be due to 
raising of the renal threshold for sugar. 


Sheppard, L. Benjamin (Med. Coll. of Virginia, Rich- 
mond, Va.): DIABETES MELLITUS: OCULAR FINDINGS. 
Eye, Ear, Nose & Throat Month. 36:155-64, March 
1957. 

Clinical and experimental observations concerning dia- 

betes mellitus have been briefly reviewed in relation to 
ocular pathology. Retinal pathology is apparently closely 
related to disturbances in diabetic metabolism. Since 
retinopathy is frequently valuable as an index of the 
progress of this systemic disease, suggestions are pre- 
sented to aid the ophthalmologist in the evaluation of 
the fundus. 
Sheppe, William M.; and Sheppe, William M., Jr. (The 
Wheeling Clinic, Wheeling, W. Va.; University of Vir- 
ginia, Charlottesville, Va.) : ENVIRONMENTAL AND PER- 
SONALITY PROBLEMS IN THE TREATMENT OF JUVENILE 
DIABETICS. Clinical Medicine 4:279-86, March 1957. 

Methods by which physician and parents can help to 
overcome the problems arising in the treatment of child- 
hood and adolescent diabetics are discussed. 





Sheridan, E. Paul (Univ. of Colorado Sch. of Med., 
Denver, Colo.) : BRITTLE D1aBETES. J. Michigan M. Soc. 
55:1207-08, October 1956. 

Management of the brittle diabetic will be simplified 
if one considers several factors. Meticulous attention to 
the diet is of great importance. The carbohydrate content 
of the diet is frequently too high in such patients. If a 
lower level of carbohydrate intake and an elevated pro- 
tein intake are prescribed, the fluctuation in blood sugar 
may be decreased. The distribution of the diet is like- 
wise important. Various schemes have been advocated, 
but the use of three meals with deductions from each 
meal for the evening lunch period will prove effective. 
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The author has utilized a diet distributing 25 per cent 
of the calories in each of four meals. Such feedings are 
given at 7 a.m., 12 noon, 6 p.m., and ro p.m. Utilizing 
such a division of diet, with proper dietary education 
and accurate weighing of the food, a labile patient may 
assume a more normal pattern. The author recommended 
the brittle patient be given or take two or more injections 
of insulin daily. If crystalline insulin is to be used alone, 
it then becomes necessary to administer it before each 
of the three or four daily feedings. Satisfactory control 
can be achieved by this technic, its only drawback being 
the use of multiple injections. With various combina- 
tions of intermediate and crystalline insulin, administered 
at least twice daily, and with wider distribution of the 
diet, we attempt to convert the labile patient to one 
relatively free from hypoglycemic reactions and hyper- 
glycemic fluctuations. At times, such conversion is 
difficult and impossible. Recently, an eifort has been 
made to utilize the newer so-called tranquilizing drugs 
in patients whose make-up seems to indicate them. The 
use of reserpine, meprobamate, or phenobarbital is 
important in therapy of brittle diabetes. Steroid hormones 
in brittle unstable diabetes have been advocated, but the 
author’s experience has not been too encouraging. At the 
present time, one patient is doing better with the added 
use of cortisone than at any time previously. The 
standard of treatment must be high in brittle diabetes. 
A blood sugar value of near-normal range is advocated, 
consistent, of course, with the avoidance of hypogly- 
cemia. Hypoglycemia is probably a more dangerous 
hazard than is transient hyperglycemia, since most cases 
of severe acidosis can be avoided if the appearance of 
ketones in the urine is promptly reported. 





Sheridan, E. Paul; and Cullen, Richard C. (Denver, 
Colorado) : MANAGEMENT OF DIABETES DURING PREG- 
NANCY. Rocky Mountain M. J. 53:721-27, August 
1956. 

The authors discuss the importance of proper manage- 
ment of diabetes during pregnancy, emphasizing the 
point that good control of the diabetes is probably the 
most important factor in lowering fetal mortality rates. 
The management of the patient through pregnancy is 
discussed in regards to diet, insulin usage, the use of 
estrogens, and cesarean section as a mode of delivery. 
The authors also present a report on fifty of their own 
pregnant diabetics over a seven-year period who showed 
a total fetal mortality rate of 11 per cent. 


Shull, Kenneth H.; and Mann, George V. (Dept. of 
Nutrition, Harvard School of Public Health, Boston, 
Massachusetts): RESPONSE OF Docs TO LONG-TERM 
CHOLESTEROL FEEDING. Am. J. Physiol. 188:81-85. 
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Hypercholesteremias averaging 495 and 570 mg. per 
cent were maintained in two female dogs for periods 
of four and three and one-half years, respectively, by 
cholesterol feeding. The serum beta-lipoprotein levels 
were also grossly elevated throughout these periods. 
Neither the level of fat calories nor the calorie balance 
appeared to affect significantly these serum lipid levels. 
Gross and microscopic examinations, performed at 
autopsy on these two dogs, failed to reveal any abnor- 
malities in the cardiovascular system or liver. 


Shull, Kenneth H.; and Mayer, Jean (Dept. of Biol. 
Chem., Harvard Med. Sch., and Dept. of Nutrition, 
Harvard Sch. of Public Health, Boston, Mass.) : ANALY- 
SIS OF THE BLOOD SUGAR RESPONSE OF OBESE-HYPER- 
GLYCEMIC MICE AND NORMAL MICE TO HORMONES: 
INSULIN, GLUCAGON, AND EPINEPHRINE. Endocrinol- 
ogy 58:220-23, February 1956. 

The hypoglycemic response to insulin administration 
was of comparable magnitude in obese-hyperglycemic 
and nonobese mice, but the former animals were not 
killed by repeated doses of insulin during fasting. The 
nonobese mice always died as a result of such measures. 
Epinephrine and glucagon both produced marked hyper- 
glycemic response in obese-hyperglycemic mice, whereas 
in non-obese mice the result was only a small rise in blood 
sugar levels. 


Sirek, Otakar V.; Sirek, Anna; and Best, Charles H. 
(Banting and Best Department of Medical Research, 
University of Toronto, Toronto, Canada): PITUITARY 
GROWTH HORMONE AND THE QUESTION OF PANCREA- 
TIC SECRETION OF GLUCAGON. Am. J. Physiol. 188:17- 


20, January 1957. 

Experiments are presented in which normal dogs were 
injected with a highly purified growth hormone prepara- 
tion. One hour later, blood samples were drawn simul- 
taneously from the pancreatico-duodenal and jugular 
veins. The ‘‘central” and “peripheral’’ blood samples 
were injected into depancreatized dogs. While the injec- 
tion of ‘peripheral’ blood produced no appreciable 
change in the blood sugar level of the diabetic recipient, 
the “central” blood caused a definite but transient rise 
in blood sugar. This rise could be prevented by treating 
the recipient diabetic animal with the adrenergic block- 
ing agent, dihydroergotamine. It has been concluded that 
the hyperglycemic factor, present in the blood of the 
pancreatico-duodenal vein after injection of growth hor- 
mone preparations, is not identical with glucagon Lilly, 
whose effect is not influenced by dihydroergotamine. In 


two experiments in which completely depancreatized, in- 
stead of intact, dogs were used as donors, the administra- 
tion of growth hormone produced characteristic hyper- 
glycemic response when ‘‘central’’ blood samples were 
injected into other depancreatized dogs. These findings 
cast doubt on the pancreatic origin of the hyperglycemic 
material, and add interest to the search for its source 
and nature. Further experiments using depancreatized 
dogs are in progress. 


Tourtellotte, Charles R.; and Tyler, Russell D. (Dept. 
of Med., University of Southern California Sch. of Med., 
and the Los Angeles County Hosp., Los Angeles, Calif.) : 
HYPERLIPEMIA ASSOCIATED WITH DIABETES MELLITUS 
AND PANCREATITIS: A CASE REPORT WITH AUTOPSY. 
Ann. Int. Med. 45:691-98, October, 1956. 

A case is described of a previously known diabetic 
admitted to hospital with diabetic coma and acute pan- 
creatitis. He showed extreme hypercholesterolemia 
(4,200 mg. per cent), hyperlipemia but no hepatospleno- 
megaly. Autopsy failed to reveal any evidence of fat 
emboli as a cause of pancreatitis. Paper chromatographic 
studies of the serum revealed an extremely high beta-2 
globulin fraction. 


Waldstein, Sheldon S.; Ettinger, Richard H.; and Giges, 
Burton (Dept. of Metab., Walter Reed Army Inst. of 
Res., Walter Reed Army Med. Center, Washington, 
D. C.): ABNORMAL GLUCOSE TOLERANCE IN EXPERI- 
MENTAL CHOLINE-DEFICIENT FATTY LIVER. Metabo- 
lism 6:134-43, March 1957. 

Development of fatty liver on choline-deficient high 
fat diets fed to dogs required three to four weeks. 
Chemical analysis of liver biopsies taken after six weeks 
showed approximately four times greater amounts of fat 
and twice as much glycogen with less nitrogen than 
specimens from animals on the same diet with added 
choline and from animals on normal diets. There was 
no hepatic cell damage, inflammation, fibrosis or micro- 
scopic pancreatic abnormality. Animals with fatty livers 
showed decreased serum albumin, increased sulfobromo- 
phthalein retention and elevated serum alkaline phos- 
phatase. Mean serum bilirubin was not significantly 
different. All animals on the artificial diet had abnorm- 
ally high blood glucose levels during glucose infusion, 
but only those with fatty livers had impaired clearance 
of glucose upon stopping the infusion. The author sug- 
gests that the normal liver’s response to hyperglycemia 
is to stop glucose output, that this mechanism is less 
sensitive in the fatty liver with impaired lipogenesis, 
and that this impairs hepatic uptake of glucose and 
hence reduces blood glucose clearance. 
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Annual Business Meeting 


The Annual Business Meeting of the American Dia- 
betes Association was held June 2 during the Seventeenth 
Annual Meeting. The statement by Frederick W. Wil- 
liams, M.D., President, was followed by: reports of the 
Secretary, Treasurer, Executive Director, Chairman of 
Advisory Committee Third IDF Congress, and the Chair- 
man of the Nominating Committee; and Installation of 
the Incoming President. 


Remarks by the President 

This, as you know, is the official Business Meeting of 
the Association. I wish there were more here who are 
active in the administration of the Association because 
the first thing I have to do in an official Annual Business 
Meeting is to declare this a quorum. Being a good Presi- 
dent, I don’t know the Bylaws—that is the way to be a 
good President—so that I would make that a ruling of 
the chair. Hearing no objection to the ruling of the 
chair, I declare there is a quorum present. 

Speaking as President, goodness knows you have 
heard from nobody else all these days but me. To give 
you some idea of the arduous task of the President, the 
Executive Committee heard from me Monday afternoon 
and evening and then Tuesday morning, at lunch, and in 
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the afternoon. We relaxed a bit Tuesday evening. 

All day Wednesday was taken up by a very compli- 
cated interlocking, overlapping system which is devised 
by the office for committee meetings. Some thirty com- 
mittees crowd their sessions into Annual Meeting time. 

One of the members, a fellow you all know so well, 
Randy Sprague, said to me that it is pretty well organ- 
ized. He said, “I am a Past President, supposed to be a 
has-been in the outfit. I attended eight committee meet- 
ings today; I should have gone to ten, but couldn’t get 
the other two in.” I said that must have been the fault of 
the President, assigning him to too many. That gives you 
an idea of how we spent the next day. 

Thursday was followed by the Council Meeting. The 
Council reviewed the report of the Executive Committee, 
and statements and recommendations—recommendations 
must be argued again and approved or rejected, amended 
or referred. 

We had a meeting of the Council that started at nine- 
thirty in the morning, and ran until lunch. Then we met 
again in the afternoon, and again in the evening with the 
Board of State Governors. 

The next morning, Saturday, there was a meeting alone 
of one of our evolutionary organizational groups known 
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as the Board of State Governors. This group, as you 
know, sends ideas and suggestions to the Council. I had 
to appear at that meeting, and again they had me down 
on the agenda for “Remarks by the President.” 

Following that, the latter half of that morning, there 
was the meeting of the Assembly of Delegates. This in- 
cludes not only the Governors, but also the Lay Delegates 
to our Assembly, so that we can hear from the grass roots 
and derive suggestions and help. Again, they had me 
down for “Remarks from the President.” 

After a week like that, they list the President to pre- 
side at the Scientific Session the entire afternoon on Sat- 
urday. Then, of course, as President, he is invited to 
about nine parties and social hours. He is also supposed 
to go up and put on his tuxedo—he surely has no time 
for a bath, and then what happens? Then he is supposed 
to preside at the Banquet. 

After the Banquet, as most of you people know, there 
are different groups that meet together privately, or some 
of them go to night clubs, because they have mama 
dressed up with an orchid; but the old guard goes up to 
other rooms and gets to reminiscing, and the melody goes 
on until about three a.m. 

And then the President, whoever he is, has to look at 
the program and say, “At nine o'clock in the morning, I 
have to preside at the Scientific Session.” 

I appreciate that this is an honor, but I am recom- 
mending to Dr. Reed that he direct that part of the pre- 
siding that has been heretofore assigned to the President 
be assigned to the Second Vice President, because the 
Second Vice President is, by custom, Chairman of the 
Committee on Scientific Programs. 

I thought seriously of breaking the tradition, but I 
think it would be better if I make the recommendation 
to the next administration. I was thinking seriously of 
having Dr. Alexander Marble, who is responsible for our 
good scientific program, preside at least this morning and 
have the opportunity to get a little credit and glory. 

I don’t have to tell you how emotionally stirred I was 
in Chicago when you folks elected me. I don’t have to 
tell you what the Banquet meant to me last night. I don’t 
have to tell you what this moment means to me now. I 
won't review the details, but I surely would say it is a 
pleasure. I have enjoyed it. It has been hard work, but 
the only time you can do hard work and do it well, and 
stand up, is when you enjoy it. You all know how well 
and how much I have enjoyed it. 

I want to express my appreciation for your confidence 
in having elected me, and I also want to say that I hope 
my job and services were satisfactory to you, the mem- 
bership, and to the officers and my friends in the Associ- 
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ation. These are the remarks I wanted to make. 

I did not burden you with the details of our one year. 
These will be covered by the few short reports which 
follow. 

FREDERICK W. WILLIAMS, M.D. 


Report of the Secretary 

Mr. President, Members of the Association: First, a 
few announcements: The Eighteenth Annual Meeting 
will be held June 21 and 22, 1958, at the Hotel Mark 
Hopkins in San Francisco. 

The Sixth Postgraduate Course will be held January 
22-24 next year at the Atlanta Biltmore Hotel in At- 
lanta, Georgia. 

Another 1957 meeting, which may be of interest to 
some of you, is the meeting of the International Con- 
gress on Endocrinology and Metabolism at Buenos Aires 
under the direction of Professor Houssay, Nov. 3-10, 
1957. 

Lastly, and I believe Dr. Root will speak about this, 
the Third Congress of the International Diabetes Federa- 
tion will be held July 21-25, 1958, in Diisseldorf, Ger- 
many. 

Our membership is continuing its trend of healthy 
growth. There are now the following members: Honor- 
ary, 10; Active Members, 2,266; Associate Members, 49; 
and Corporate Members, 26, a total of 2,351. 

At this session, as Dr. Williams mentioned, there 
have been more than thirty different groups and com- 
mittees working since last Monday morning. Over 200 
members are actively contributing to this effort in ful- 
filling the objectives of our Association. The activities of 
the Central Office are likewise expanding. The Journal 
DIABETES now has a circulation of approximately 3,500, 
with 400 foreign subscribers. 

FORECAST is now printing over 60,000 copies per 
issue, with more than 50,000 paid subscribers in the 
United States, and a Canadian edition of 2,750. 

More than 5,000 copies of the 2nd Edition of D1A- 
BETES GUIDEBOOK FOR THE PHYSICIAN have been sold 
since last November. During the last year, more than 
38,500 Facts ABOUT DIABETES booklets were ordered 
and processed. 

Last year, 17,500 ADA FORECAST reprints were ac- 
tually sold, and 27,000 new identification cards. 

In addition, more than a million Dreypaks were proc- 
essed and delivered for the Diabetes Detection Drive. 
These figures give some idea of the extent of the Asso- 
ciation’s activities, and the latter are constantly expanding. 

In behalf of the organization, I wish to extend our 
thanks and appreciation to Mr. Connelly and his entire 


DIABETES, VOL. 6, NO. 5 











ORGANIZATION SECTION 


Central Office staff, without whose constant devotion this 
work could not be accomplished. 
FRANKLIN B. PECK, SR., M.D. 


Report of the Treasurer 

The financial report this year covers only eleven 
months. The date for the closing of our books was set as 
of March 31 instead of April 30 as was customary in the 
past. This was necessary to give more time for the analy- 
sis of our financial position. 


INCOME: Our income for eleven months was 
$396,006.00, and included a bequest of $108,375.00 from 
the Frederick W. Nichol Estate. Even when the amount 
of this bequest is deducted from this year’s income, we 
show a gain in income over last year of $28,625.00. 


EXPENSE: The total expense of our Association was 
$251,322.00. Current income, excluding, the aforemen- 
tioned bequest, exceeded current expense by $36,309.00. 


GIFTS: The Treasurer takes great pleasure in acknowl- 
edging the following gifts: 


From Affiliate Associations ($4,367.00) 
Cincinnati Diabetes Association 
Diabetes Association of Greater Cleveland 
Colorado Diabetes Association 
Dallas Diabetes Association (Lay Society ) 
Fresno County Diabetes Association 
Kansas City Diabetes Association 
Diabetes Association of Louisiana 
New Jersey Diabetes Association 
St. Louis Diabetes Association 


From Corporations ($83,000.00) 
Ames Company 
Abbott Laboratories 
Becton, Dickinson and Company 
Eli Lilly and Company 
E. R. Squibb & Sons 
Smith, Kline and French 
Union Central Life Insurance Company 
Nehi Corporation 


From Foundations ($9,280.00) 
The following Foundations made donations of 
$1,000.00 or more: 


The Paul W. Litchfield Foundation 
Frueauff Foundation 
Rockefeller Brothers Foundation 
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From Bequests ($117,325.00) 
Frederick W. Nichol Estate 
John Prout Estate 
Albert C. Gilbert Estate 
Catharine B. Knight Estate 
Ella Keith Estate 


From Individual Contributors ($25,792.00) 
Contributions were received from many readers of 
FORECAST and there were other small con- 

tributions, totaling the amount listed above. 


We divided our income into that which we earn our- 
selves as contrasted to total contributions. This year 56.5 
per cent of our income was earned and 43.5 per cent 
consisted of contributions. Total contributions directly to 
research amounted to $12,041.00. 

WILLIAM H. OLMSTED, M.D. 


Report of the Executive Director 

Dr. Williams, Dr. Peck, Dr. Olmsted, Members of the 
Association: I want to thank you for your very kind 
words on behalf of myself and the staff. I should like all 
the members to know we consider it a real privilege to 
serve the American Diabetes Association. 

This will not be a detailed report, other than to say 
that the long-promised, revised FUND-RAISING MANUAL 
will be available about the first of July. Last year at this 
time, we promised it in January. However, we were 
tied up on policy matters, but we finally have achieved 
a break-through. 

As I mentioned last year, and the year before, the 
American Diabetes Association is an organization of 
members, of individuals, and all the members have the 
same rights and privileges. That is the principle upon 
which the national office functions. 

For myself and the staff, I should like to invite all of 
you to visit the office. This is a very tangible invitation 
this year. In San Francisco, it was not quite as tangible, 
but here in New York the office is only three blocks from 
this hotel. We will be open Monday. Although I won’t 
be there on Monday, most of the staff will. We would 
be delighted to see all of you. We are rather proud 
of what we have. It is not fancy or ornate, but we think 
it is a well-run business office. 

In the meantime today, I will be by the registration 
desk this afternoon and would be glad to talk to any 
member. Mr. Louis C. Bernst will also be there in case 
you wish to discuss Affiliate problems. 

Once again, it has been a most pleasurable year and I 
want to thank all of you for your fine cooperation. 

J. RICHARD CONNELLY 
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Report of Chairman, Advisory 
Committee, Third IDF Congress 

As you may perhaps know, the International Diabetes 
Federation has had two previous Congresses. They occur 
at three-year intervals. Some thirty countries were repre- 
sented, and it is expected next year that the representa- 
tion will be even larger, not only in point of number of 
countries represented but also in attendance. 

The forthcoming Congress has programs lasting from 
Monday, July 21 to Friday, July 25. Registration begins 
July 20. I need not tell you, because you will be flooded 
by advertisements from travel agencies about the World's 
Fair to be held in Brussels, about twenty minutes away 
from Diisseldorf; but the Congress next year, under the 
management of a German committee, headed by Profes- 
sor Oberdisse, will be held in the City of Diisseldorf. 
Those of you who have been there know it is one of the 
large industrial cities in the Ruhr. The University and 
Medical School, and the German Committee are a very, 
very competent, active group. So it will be a good pro- 
gram both for the physicians, and also for laymen, be- 
cause although these Congresses have programs which 
are chiefly scientific, they also provide at least a part of 
one day for lay members. 

The Committee for which I am speaking, appointed 
by the Council upon recommendation of the Executive 
Committee, consisting of Drs. Frank N. Allan, Garfield 
G. Duncan, Francis D. W. Lukens, Franklin B. Peck, Sr., 
and I, met this morning to discuss the matter. 

(Dr. Root outlined the proposed rates for the various 
airline systems, and departure points.) 

The Delegates of the American Diabetes Association 
to the Congress are Dr. Peck and Mr. Connelly. The 
Committee has responded to the requests from the Ger- 
man Committee for assistance by offering to cooperate in 
any way it can, particularly in the review of topics for 
papers tor the program. We are especially enthusiastic 
about suggesting for their lay program a presentation of 
the Affiliate structure adopted here and the actual pro- 
grams in operation in this country. 

I think those of us who were present in Cambridge in 
1955 remember that trip with great pleasure, and I 
would like to add my little personal note of recommenda- 
tion that anybody who can be present there will hear a 
very, very worth-while program. Already some of our 
members have accepted invitations, and there will be a 
number of others on the program. 

Howarp F. Root, M.D. 


Report of the Nominating Committee 
The Nominating Committee recommends the follow- 
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ing slate of Officers and Councilors: 

For President, Dr. John A. Reed, of Washington, 
D.C.; for First Vice President, Dr. Alexander Marble, of 
Boston; for Second Vice President, Dr. Francis D. W. 
Lukens, of Philadelphia; for Secretary, Dr. Franklin B. 
Peck, Sr., of Indianapolis; for Treasurer, Dr. William 
H. Olmsted, of St. Louis. 

For Councilors for the term ending in 1960: Dr. 
Charles H. Best, of Toronto; Dr. Thaddeus S$. Danowski, 
of Pittsburgh; Dr. Edmond K. Doak, of Houston; Dr. 
Garfield G. Duncan, of Philadelphia; Dr. Henry E. Marks, 
of New York City; Dr. Leon S. Smelo, of Birmingham. 

(It was moved, seconded and voted that the nomina- 
tions be closed. All nominees were duly elected.) 

RANDALL G. SPRAGUE, M.D., Chairman 
HENRY B. MULHOLLAND, M.D. 
HENRY T. RICKETTS, M.D. 


Installation of Incoming President 

FREDERICK W. WILLIAMS, M.D., retiring President: 
You all know and realize the story behind the gavel. This 
gavel is made of cherry wood cut from a tree that Fred 
Banting planted in front of the farm where he was born. 
This we hold in great reverence. It has been my pleasure 
to wield it, and I hope I have wielded it satisfactorily— 
hard but to your satisfaction, amusement and entertain- 
ment. 

The way to keep you awake is occasionally to rap the 
gavel. It is my privilege now, John, to turn this over to 
your safekeeping and use. I am going to add to it a per- 
sonal gift from me. I will tell you, John, the Association 
is getting so big that I am not only going to give you 
this revered gavel, but I am also going to give you a 
copy of Robert's Rules of Order. Your new President, 
Dr. John Reed! 


Remarks of Newly-installed President 

Mr. Retiring President, Mr. Honorary President of our 
Association—Dr. Joslin, Members of our Association: It 
is with mixed feelings that I undertake the presidency 
of your organization. 

First, it is with a feeling of regret, yes, even tinged 
with a little sadness, that I will not have constantly at my 
side in the Executive Committee's deliberations our re- 
tiring President, Dr. Fred Williams, who has been the 
most unmatched realist that I have had the opportunity 
to meet and work with in organizational endeavors, and 
who has been, at the same time, a superb humanist. I am 
confident, however, that I will constantly have his well 
wishes and his support in absentia and I am sure peri- 
odically his voice of strong approval or disapproval as the 
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dictates of his conscience and thinking avow in the de- 
liberations of our Council. 

Second, and almost needless to say, it is a tremendous 
honor and privilege accorded me by this Association, and 
I have a feeling on that score of great personal pride. 

Third and last, it is with a feeling of utmost humility 
I receive this distinction and its attendant responsibilities. 
I do, however, approach this coming year with a sincere 
and not unfounded conviction that an acceptable account- 
ing will be given you at the end of the year. This I 
earnestly believe will be true, especially when one con- 
siders the staunch support the membership, as a whole, 
has given in the past to the officers, and its innumerable 
committees, 

Further, to substantiate this feeling of a reasonably 
successful year, I am not unmindful of the unlimited and 
unstinting time devoted to our work by the Affiliate units, 
the Board of State Governors, and the Assembly of Del- 
egates. 

I am further reminded of the enormous task being 
performed by hard-working, careful, deliberative commit- 
tees, which I am sure will likewise give a productive 
year. 

And finally, I am reminded of the over-all unbiased 
critical analysis of one’s work by our two great executive 
and administrative groups, the Executive Committee and 
the Council. 

With the assistance and wisdom of these groups, and 
last, but surely not least, with the cooperative organiza- 
tional guidance of that most praiseworthy group, our 
staff at the Central Office, presided over by our own Mr. 
J. Richard Connelly, an incoming officer has the right to 
feel some security of productivity for the Association. 

In closing, may I simply say I thank you for this very 
high honor. 

JOHN A. REED, M.D. 


EIGHTEENTH ANNUAL MEETING 

The Hotel Mark Hopkins in San Francisco will be 
headquarters for the Eighteenth Annual Meeting of the 
American Diabetes Association to be held June 21-22, 
1958, immediately prior to the Annual Session of the 
American Medical Association, June 23-27. Information 
about hotel reservations will be sent to members shortly. 


SCIENTIFIC PROGRAM 


Physicians and other scientists are invited by Francis 
D. W. Lukens, M.D., Chairman of the Committee on 
Scientific Programs, to submit abstracts of papers which 
they would like to present at the Scientific Sessions. Those 
interested are requested to submit eleven copies of the 
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abstracts to expedite review by the Committee. They 
should be sent to Dr. Lukens in care of the national office. 


SIXTH POSTGRADUATE COURSE 

As previously announced, the American Diabetes As- 
sociation will hold its Sixth Postgraduate Course in Dia- 
betes and Basic Metabolic Problems Jan. 22, 23 and 24, 
1958, in Atlanta, Georgia. Christopher J. McLoughlin, 
M.D., Atlanta, will serve as Director, with C. Raymond 
Arp, M.D., and Walter L. Bloom, M.D., Atlanta, as As- 
sociate Directors. This will be the first meeting of the 
Association to be held in the Southeast. Members and 
others who expect to attend may also wish to take ad- 
vantage of this Georgia location in planning their winter 
vacations. 

The preliminary program will be sent to the members 
of the Association in the near future. At the present time, 
the following half-day titles have been determined: 
“Hormonal Influences in Diabetes Mellitus” (Wednes- 
day morning, January 22); “Special Considerations in 
Diagnosis,” concluding with a Questions and Answers 
period (Wednesday afternoon, January 22); “Treat- 
ment” (Thursday morning, January 23); “Problems En- 
countered in the Treatment of Diabetes,” followed by a 
panel discussion (Thursday afternoon, January 23); 
“Stress and Strain” (Friday, January 24 all day); “Socio- 
economic Prob'ems of the Diabetic,’ (Friday morning, 
January 24). On Friday afternoon there will be a panel 
of the day’s participants. 

The Atlanta Biltmore will serve as headquarters hotel 
and registrants for the Course will be furnished with 
reservation cards. Those who plan to attend the Course 
are urged to register as soon as possible. Fees are $40 
for members and $75 for nonmembers of the Associa- 
tion. All inquiries and applications should be addressed 
to the national office of the American Diabetes Associa- 
tion. 





THIRD IDF CONGRESS 

Plans are being formulated to charter a plane so 
that members of the American Diabetes Associa- 
tion and its Affiliates may, at reduced rates, attend 
the next Congress of the International Diabetes 
Federation at Diisseldorf, Germany. The Congress 
will be held July 21-25, 1958. 

Dr. Howard F. Root, Vice President of IDF, has 
arranged that inquiries and reservations should be 
addressed to the Manning Travel Bureau, Hotel 
Kenmore, Commonwealth Avenue, Boston, Mas- 
sachusetts. 
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1958 LILLY AWARD 

The following stipulations govern the contest for the 
second annual Lilly Award, which is supported by Eli 
Lilly and Company and consists of $1,000 and a medal. 
The Award will be given at the Eighteenth Annual 
Meeting of the American Diabetes Association in San 
Francisco, June 21-22, 1958. 

Purpose: To recognize demonstrated research in the 
field of diabetes, taking into consideration independence 
of thought and originality. 

Eligibility: Any investigator in an appropriate field of 
work closely related to diabetes who is less than forty 
years of age on January 1 of the year in which the award 
is made. The research will not necessarily be judged in 
comparison to the work of more mature and experi- 
enced workers. The candidate should be a resident of 
the United States or Canada. 

Nominations: Nominations for the award will be 
solicited from the members of the American Diabetes 
Association. Such nominations will be requested by re- 
peated notices to be published in DIABETES. Names of 
nominees will be sent to the Chairman of the Committee 
on Scientific Awards and must be received before January 
1 of the year of the award. The nomination should be 
accompanied by full information concerning the nomi- 
nee’s personality, training and research work. Six copies 
of each item should be submitted. No member may send 
in more than one nomination. A list of the nominee's 
publications, if any, and six copies of the publication or 
manuscript for which the award is to be given should 
also accompany the nomination. At the discretion of the 
Committee on Scientific Awards, the award may be given 
for work published during the year prior to January 1 
of the same year of the award. The nominee should be 
actively engaged at that time in the line of research for 
which the award is to be made. 

Announcement: The name of the winner will be an- 
nounced in the program of the Annual Meeting of the 
Association, and the award presented at that meeting. 
The winner, subject to the approval of the Committee 
on Scientific Programs, will be invited to present a paper 
on the subject of his work. Papers considered for the 
award must be submitted with the idea that they will be 
published in whole or in part in DIABETES if found 
acceptable to the Editor and/or Editorial Board. If the 
Committee should decide that no outstanding work has 
been presented for this consideration, the award will not 
be made. 

Award: In addition to the monetary award and the 
medal, traveling expenses will be given to make it pos- 
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sible for the recipient to receive his award in person at 
the Annual Meeting. 


NOVEMBER 15 RESEARCH 
FELLOWSHIP DEADLINE 

The Committee on Research and Fellowships of 
the American Diabetes Association plans to award at 
least one Fellowship for the 1958-59 academic year 
(July 1, 1958—June 30, 1959). The deadline for appli- 
cations is Nov. 15, 1957. Requests for application forms 
and other inquiries should be addressed to Mr. J. Rich- 
ard Connelly, Executive Director, who will forward the 
information to the Committee. 


1957-58 MEDICAL STUDENT-INTERN 
ESSAY CONTEST 

The sixth Medical Student-Intern Essay Contest, spon- 
sored by the American Diabetes Association, is open to 
medical students, interns and physicians within two years 
after their graduation from medical school. Any subject 
relating to diabetes and basic metabolic problems may 
be selected. 

An award of $250 is offered to the author or authors 
of the best paper reporting original work, whether lab- 
oratory investigation or clinical observation. This prize is 
again made possible through the kindness of the St. Louis 
Diabetes Association. 

An award of $50 will be given for the best review 
article or case report. 

Papers will be judged on the basis of value of the 
material and method of presentation. 

Members of the American Diabetes Association and 
subscribers to DIABETES are requested to encourage 
medical students and interns to enter the contest. En- 
trants should submit the original and two copies of their 
manuscript. The manuscript should be typewritten and 
double-spaced, and mailed by April 1, 1958 to: Com- 
mittee on Scientific Awards, American Diabetes Associa- 
tion, Inc., 1 East 45th St. New York 17, N. Y. 


DIABETES WEEK, NOVEMBER 17-23 

Diabetes Week will be observed November 17-23 this 
year. More than 900 County and State Medical Societies 
which are participating through Committees on Dia- 
betes, as well as 41 Affiliate Diabetes Associations, 
are already receiving material for this year’s campaign. 
All members and subscribers to DIABETES are urged to 
participate in the Association’s public education and 
detection program in their respective communities. The 
Diabetes Week poster is reproduced on page A-11 of 
this issue of the Journal. 
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NEW MEMBERS 
ACTIVE 

The following were elected as of Sept. 1, 1957: 
California 

Lusk, Robert W. 
District of Columbia 

Rosch, Paul J. 
Minnesota 

Selby, John B. 
New York 

Davino, Anthony J. 

Pines, Kermit L. 

Runyon, John William, Jr. 
North Carolina 

Miller, Emery C., Jr. 
Pennsylvania 

Heineman, Arthur C., Jr. 


Fresno 
Washington 
Rochester 


Cambria Heights 
New York 
Albany 


Winston-Salem 


Pittsburgh 


NEWS OF 
AFFILIATE ASSOCIATIONS 


The NEW JERSEY DIABETES ASSOCIATION and the 
New Jersey State Department of Health will sponsor 
the Fifth Annual Symposium on Diabetes Mellitus Oct. 
30, 1957, at Beth Israel Hospital in Newark, New Jersey. 
The following program will be given. 

Morning Session. 9:00 a.m.—11:00 a.m.: Visit to the 
exhibits. 11:00 a.m.—12:00: Ward rounds and bedside 
conference with Alexander Marble, M.D., Boston; Ben- 
jamin Saslow, M.D., will be moderator. 12:30 p.m— 
1:30 p.m.: Lunch at the hospital; visit to the exhibits. 

Afternoon Session. 2:00 p.m—5:00 p.m. Clinical 
Conference: “Renal and Ocular Vascular Disease in Dia- 
betes Mellitus,’ Ernest Brown, M.D., Baltimore; “The 
Islands of Langerhans—Some Clinical and Experimental 
Correlations,” Philip M. LeCompte, M.D., Boston; “Med- 
ical Management of Occlusive Arterial Disease in the 
Diabetic Patient,’ Harold D. Green, M.D., Winston- 
Salem; “Surgical Management of Occlusive Arterial Dis- 
ease in the Diabetic Patient,’ Ralph A. Deterling, Jr., 
M.D.; “Panel Discussion on Oral Hypoglycemic Drugs,” 
Drs. Brown, LeCompte, Green, Deterling and Marble, 
with Elmer L. Severinghaus, M.D., as moderator. 


The WASHINGTON DIABETES ASSOCIATION (Clinical 
Society), in cooperation with the Washington State 
Health Department, presented its Third Annual Sym- 
posium entitled “Metabolic and Endocrine Diseases” on 
Saturday, August 10, in the Health Sciences Auditorium 
of the University of Washington School of Medicine, 
Seattle. Guest speakers were Arthur R. Colwell, Sr., M.D., 
Chicago, and Joseph W. Jailer, M.D., New York City. 
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Joseph Crampton, M.D., acted as moderator of the morn- 
ing session when the following program was given: 
“Selection of the Mode of Treatment of Diabetes Ac- 
cording to Severity,’ Dr. Colwell; “Oral Hypoglycemic 
Agents in the Treatment of Diabetes Mellitus,” a panel 
discussion with Dr. Colwell, Robert H. Williams, M.D., 
Seattle, and John W. Stephens, M.D., Portland, partici- 
pating; and “Assessment of Adrenal Function,” Dr. Jailer. 

The afternoon session was moderated by John Hog- 
ness, M.D. The following program was presented: “Eti- 
ology of Hyperadrenalism,” Dr. Jailer; “Metabolic Bone 
Disease,” Robert Nielsen, M.D.; “Norethinyl Testoste- 
rone,” Carl Heller, M.D. Participating in a panel dis- 
cussion entitled “Management of the Climacteric,” were 
Dr. Jailer, Russel de Alvarez, M.D., Dr. Heller, and Dr. 
Nielsen. 

A dinner honoring Lester J. Palmer, M.D., a past 
President of the Washington Diabetes Association and a 
past President of the American Diabetes Association, was 
held at the Washington Athletic Club. Dr. Colwell spoke 
on “Medical Practice, Teaching, and Research.” 


NEWS NOTES 
FIFTH CONGRESS OF INTERNATIONAL 
SOCIETY OF INTERNAL MEDICINE 

The International Society of Internal Medicine has an- 
nounced that its Fifth International Congress of In- 
ternal Medicine will be held at the new Sheraton Hotel, 
Philadelphia, Pennsylvania, April 24-26, 1958. This will 
be the first meeting of the Society outside of Europe. 
The 1958 Annual Session of the American College of 
Physicians will be in Atlantic City, April 28 to May 
2, immediately following the International Congress. 
Frank N. Allan, M.D., Boston, is a member of the Ex- 
ecutive and Program Committees of the Congress. 


CONFERENCE ON NUTRITION 

A conference on nutrition in relation to disease will be 
held Sept. 30, 1957, at the College of Physicians of 
Philadelphia, with the following lecturers scheduled: 
Dr. Floyd S. Daft, Director, National Institute of Arth- 
ritis and Metabolic Diseases, Bethesda, Maryland, “The 
Relationship between Hormones and Nutrition”; and Dr. 
Edward H. Ahrens, Jr., Rockefeller Institute of Medical 
Research, New York, “Fat Metabolism in Relation to 
Cardiovascular Disease—Atherosclerosis.” The conference 
is jointly sponsored by the Commission on Nutrition of 
the Medical Society of the State of Pennsylvania, the 
Philadelphia County Medical Society and the National 
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Vitamin Foundation. Michael G. Wohl, M.D., and Rob- 
ert S. Goodhart, M.D., will be chairmen of the evening 


session. 


POSTGRADUATE COURSE IN MEXICO 

A postgraduate course in diabetes mellitus was held 
from July 29 to Aug. 3, 1957, at the Hospital for Nu- 
tritional Diseases, Mexico. The course included thirty-six 
theoretical letcures, presenting concepts in regard to 
physiopathology, histologic changes, complications and 
treatment of diabetes; six sessions of questions and an- 
swers; seven presentations of clinical cases; laboratory 
practice and clinical exploration; and instructions to 
patients about their disease and the treatments recom- 


mended. 


PERSONALS 

BENJAMIN I. ASHE, M.D., New York University 
Post-Graduate Medical School, will direct a full-time 
course in “Diabetes Mellitus, Hyperinsulinism, and Hypo- 
glycemia,” for three days, Nov. 11-13, 1957. The course 
will include: physiology of carbohydrate metabolism, 
diagnosis and differential diagnosis (especially of the 


early phases of diabetes), the practical aspects of the 
treatment of the disease by diet and the various insulins, 
management of complications, and intercurrent problems 
such as tuberculosis, surgery and pregnancy, ketosis and 
mineral metabolism. 


RACHMIEL LEVINE, M.D., Chicago, will discuss “Oral 
Hypoglycemic Agents in the Treatment of Diabetes” at 
the goth Annual Meeting of The American Dietetic As- 
sociation in Miami, Florida, Oct. 22-25, 1957. 


WILLIAM C. STADIE, M.D., and GARFIELD G. DUN- 
CAN, M.D., both of Philadelphia, will present evening 
lectures on Tuesday, October 8, during Postgraduate 
Week of the New York Academy of Medicine Oct. 7-11, 
1957. The series is entitled “Research Contributions to 
Clinical Practice.” Dr. Stadie will deliver the Wesley M. 
Carpenter Lecture entitled “Aspects of Carbohydrate and 
Phosphate Metabolism in Diabetes,” and Dr. Duncan will 
present the Ludwig Kast Lecture on “Modern Aspects of 
the Diabetes Problem.” A book exhibit on the develop- 
ment of the knowledge of diabetes will be held in the 
Main Reading Room. 


OBITUARIES 

SAMUEL BENJAMIN, M.D., Washington, D.C., died 
March 28, 1957, at the age of sixty. He was born in 
Hoboken, New Jersey, and received his premedical edu- 
cation at George Washington University. After obtain- 
ing his medical degree from Georgetown University 
School of Medicine in 1927, he joined its faculty in 1929 
as Instructor of Clinical Medicine, and in 1938 became 
Associate Clinical Professor of Medicine. While at 
Georgetown University Hospital he was Chief of the 
Diabetic Clinic and Associate in the Cardiac Clinic. He 
became a member of the American Diabetes Association 
in 1941, and was also a Fellow of the American College 
of Physicians. One of the founding members of the Dia- 
betes Association of the District of Columbia, Dr. Ben- 
jamin served as its president in 1952-53, and was chair- 
man of the Diabetes Detection Drive in 1952. He con- 
tributed to the knowledge of diabetes by his special 
study of hypoglycemia. 


EUGENE T. PHELPS, M.D., Hebron, Nebraska, died on 
June 15, 1957, at the age of seventy-two. Born in Bell- 
ville, Illinois, he completed his premedical education at 
the University of Nebraska and the University of Chi- 
cago. After receiving his medical degree from Rush 
Medical College in 1912, Dr. Phelps became a member 
of the Active Staff of Woodlawn Hospital, Chicago, and 
then Consultant in Diabetes at the same hospital. Dr. 
Phelps had been a member of the American Diabetes 
Association since 1944. 


ALBERT WICKEN WALLACE, M.D., Tulsa, Oklahoma, 
died of a cerebral hemorrhage Dec. 25, 1956. Born in 
Cleveland, Ohio, in 1901 he received his M.D. degree 
from Western Reserve University in 1928 and served 
his internship and residency at St. Luke’s Hospital, 
Cleveland. Dr. Wallace practiced at Watkins Glen, New 
York, and Miami Beach, Florida, before entering the 
Army during World War II. He was discharged with 
the rank of Colonel and went to Tulsa to become asso- 
ciated with the Springer Clinic where he remained until 
his death. 

Dr. Wallace became a Fellow of the American College 
of Physicians in 1942, and a member of the American 
Diabetes Association in 1949. At the time of his death, 
he was Secretary-Treasurer of the Oklahoma Diabetes 
Association and President of the Tulsa Internist’s Asso- 
ciation. His family and friends have established an an- 
nual memorial lectureship with the Tulsa Internist’s 
Society. 
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